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ORGANIC ELECTROLUMINESCENT ELEMENT 



(57) Materials for organic electroluminescence devices and organic electroluminescence devices which exhibit high 
efficiency of light emission and have a long life and excellent heat resistance, novel compounds and processes for pro- 
ducing the materials for organic electroluminescence devices are provided. .. . . .J 

Tlie material for organic electroluminescence devices is represented by following general formula [1]: 

general formula [1] . ' 



< 

CM 



CD 



Q. 

LU 



N-A-N 

(y»-}-xv \x'-(-y' ) 

. . c ^ 



wherein A represents a substituted or unsubstituted aryfene group having 22 to 60 carbon atoms, to X"* each 
independently represent a substituted or unsubstituted arylene group liaving 6 to 30 carbon atoms, X^ and X^ may 
'be bonded to each other, X^ and X"^ may be bonded to each other, V'' to Y"* each independently represent an 
organic group represented by general formula [2], a to d each represent an integer of 0 to 2 and, when the arylene 
group represented by A has 26 or less carbon atoms, 
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Description' 

TFCHNICAL FIELD 

5 [0001 ] The present Invention relates to nnaterlals for organic electrolunninescence devices which are used as a light 
source such as a planar light emitting member of televisions and a back light of displays, exhibit high efficiency of light 
emission and have excellent heat resistance and a long life, organic electroluminescence devices using the materials, 
novel compounds and processes for producing materials for electroluminescence devices. 

10 BACKGROUND ART • 

[0002] Electroluminescence (EL) devices using organic compounds are expected to be used for inexpensive full 
color display devices of the solid light emission type which can display a large area and development thereof has been 
actively conducted. In general, an EL device is constituted with a light emitting layer and a pair of electrodes faced to 
15 each other at both sides of the light emitting layer. When a voltage is applied between the electrodes, electrons are 
injected at the side of the cathode and holes are injected at the side of the anode. The electrons are combined with the 
holes in the light emitting layer and an excited state is formed. When the excited state returns to the nomnal state, the 
energy is emitted as light. . . 

[0003] Heretofore, organic EL devices require, higher driving voltages and show inferior luminance of emitted light 
20 and inferior efficiencies of light emission in comparison with inorganic devices. Moreover, properties of organic EL 
devices deteriorate very rapidly. Therefore, heretofore, organic EL devices have not been used practically. Although the 
properties of organic EL devices have been improved, organic EL devices exhibiting a sufficient efficiency of light emis- 
sion and having sufficient heat resistance and life have not been obtained. For example, a phenylanthracene derivative 
which c^n be used for EL devices is disclosed In Japanese Patent Application Laid-Open No. Heisei 8(1 996)-1 2600. 
25 However, an organic EL device using this compound exhibited an efficiency of light emission as low as about 2 to 4 cd/A 
and improvement in the efficiency is desired. In Japanese Patent Application Laid-Open No. Heisei 8(1996)-199162, an 
EL device having a light emitting layer containing a fluorescent dopant of a derivative of an amine or a diamine is dis- 
closed. However, this EL device has a life as short as 700 hours at an initial luminance of emitted light of 300 cd/m^ 
although the efficiency of light emission is 4 to 6 dc/A and Improvement in the life is desired. In Japanese Patent Appli- 
30 cation Laid-Open No. Heisei 9(1 997)-268284, a material for EL devices having phenylanthracene group is disclosed. 
This material exhibits a marked decrease in the luminance of emitted light when the material is used at a high temper- 
ature for a long time arid heat resistance is insufficient. Moreover, these devices do not emit light in the region of orange 
to red color. Since emission of red color is indispensable for the full color display by an EL device, a device emitting light 
in the region of orange to red color is desired. When these materials are used as the host material and other com- 
as pounds are used as the doping material, a long life cannot be obtained. It is necessary for practical use that an initial 
luminance of emitted light of 10,000 d/m^ or greater be exhibited. However, this value has not been achieved. In Japa- 
nese Patent Application Laid-Open No. Heisei 11 (1999)-1 52253, an example is disclosed in which a material for 
organic EL devices having a binaphthalene structure is added to a light emitting layer having the property to transfer 
electrons such as a layer of an aluminum complex or the like. However; in this example, the aluminum complex or the 
40 like emits light and the material for organic EL devices does not function as the light emitting center since the energy 
gap of the light emitting layer of the aluminum complex or the like is smaller than the energy gap of the material for 
organic EL devices. 

[0004] Synthesis of arylamines used as a nriaterial for organic EL devices has been conducted by the Ullmann reac- 
tion using an amine and an iodobenzene. It is described, for example, in Chem. Lett., pp. 1 1 45 to 1 1 48, 1 989; the spee- 
ds ification of United States Patent No. 4,764.625; and Japanese Patent Application Laid-Open No. Heisei 8(1 996)-48974 
that a triarylamine is produced by the reaction of a corresponding iodobenzene and a diarylamine in an inert hydrocar- 
bon solvent such as decaline at 1 50**C or higher in the presence of one equivalent or more of copper powder and a base 
such as potassium hydroxide as the typical example. . ..J* 

[0005] However, the process using the Ullmann reaction has drawbacks in that an expensive Iodide must be used 
50 as the reacting agent, that the reaction cannot be applied to many types of compounds, that the yield of the reaction is 
not sufficient, that the reaction requires a temperature as high as 1 50*»C and a long time and that waste liquid containing 
a great amount of copper is formed since copper powder Is used in a great amount and environmental problems arise. 

DISCLOSURE OF THE INVENTION _ ^ 

[0006] The present invention has been made to overcome the above problems and has an object to provide a mate- 
rial for organic electroluminescence devices, an organic electroluminescence device and a novel compound which - 
exhibit high efficiency of light emission and have a long life and. excellent heat resistance and a process for producing 
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the material lor organic electroluminescence d^^'"?^^" the material for organic EL devices 

[0M91 «»M lu«herlomdlwthe present ™«o™^^^ 
r.r^:"^*er:"Se— nesce^oe.^^^^ 



75 General formula [1] 
[0011] 



20 



25 C 



«.e„,„ ^ ,ep,..e„„ e »' '^Tp e S S LTo^ S^'. k' X^^^^t 

pendentl, represent . .»ed »' e^ independent^^ 

» r:r".iisre';»'f— 

by A has 26 or less carbon atoms, 

i,a+b+c+d>Ofl 

andthearv.enbgroupdoesnotcont^ntwoormoreanthracenenuc,ei;ge^^ . 

40 General fonnula [2] / ; .... 

[0012] 



45 



50 



55 




t2] 



"i„,„„,,e..:e.n,ndepend.n..re.».^^ 
fenr.^r5■«»"^-""^^^^^^^ 

T^T' t LTSroiSeleotroluntlneecence de*=ee o,a» present ,nven.t.n rrre, ^ be ecpntpound rep- 

resented by following general formula [3]: 
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General formula [3] 



[0014] 



10 



N-B-N 

c 



X'-(-Y') 
^ •'a 



C3} 



15 wherein B represents a substituted or unsubstituted arylene group having 6 to 60 carbon atoms, to X"* each inde- 
pendently represent a substituted or unsubstituted arylene group having 6 to 30 carbon atoms, and X^ may be 
bonded to each other, X^ and X^ may be bonded to each other, to each independently represent an organic group 
represented by general formula [2] described above, a to d each represent an integer of 0 to 2 and at least one of 
groups represented by B, X\ X^, X^ and X"^ has a chrysene nucleus. 

20 [0015] It is preferable that general formula [3] means following general formula [4], general formula [5] or general 
formula [6], 

General formula [4]: 

25 [0016] 



30 



35 




N C4] 



^X*-f Y* ) 



wherein X^ to X^, y^ to y^ and a to d are each independently the same as those in general formula [3]. 
40. General formula [5]: 
[0017] 



45 



50 



55 




N-B-N 




X'-(-Y' ) 



C5) 



wherein B, X\ X^, Y\ y^, a and b are each independently the same as those in general formula [3]. 
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General formula [6]: : \; 
[00181 • 
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15 



20 




N-B-N 




C6) 



resented by following general formula [7]: . , 
General fonriula [7] ^^^^ ^^^^ ■ ^ : , 



[00201 
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N-D-N 



C7} 



35 



40 



General formula [8] 
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wherein X"* to X"^, Y"* to Y"^ and a to d are each independently the same as those in general formula [7], R^^ to each 
Independently represent hydrogen atom, a substituted or unsubstituted alkyi group having 1 to 20 carbon atoms, a sub- 
stituted or unsubstituted aikoxy group having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 
to 20 carbon atoms or cyano group and adjacent groups among the groups represented by R^^ to R^ may be bonded 
to each other to form a saturated or unsaturated and substituted or unsubstituted carbon ring. 

[0023] The material for organic electroluminescence devices of the present invention may also be a compound rep- 
resented by following general fonnula [9]: 



10 



15 



20 



Genera! fonnula [9] 
[0024] 



N-E-N 
c b 



(9J 



25 



wherein E represents a divalent group comprising an anthracene nucleus which is substituted with aryl groups or 
unsubstituted, X^ to X® each independently represent a substituted or unsubstituted arylene group having 6 to 20 car- 
bon atoms, X^ and X® may be bonded to each other, X^ and X® hriay be bonded to each other, to Y"^ each independ- 
ently represent an organic group represented by general formula [2], a to d each represent an integer of 0 to 2, and 
when the group represented by E Is an unsubstituted group: 



35 




at least two of X^ to Xf contains a substituted or unsubstituted group: 




. [0025] The material for organic electrolmninescence devices of the present invention may also be a compound rep- 
resented by following general formula [1 0]: 



so 



•55 



7 
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General formula [10] 
[00261 



^ C . ■ , ■ . 

w.ere-.n Ar^ and Ar3 eac. .aepenaent, .presents a «-P3" ,^o^:^s?^S~S 
l uTsubsid phenylene groups, ^^'^ ^^^^ ^ and unsubstituted blphe^ 

tuted1.8-naphthalene groups, substituted and unsubstitut^^^^^ P substituted and unsubstituted 

nyl groups. A.^ represents a divalent S^PJ^'^^^J J^^'^J sutSlti^ed and unsubstituted phenanthrene nuclei, 
anthracene nuclei, substituted and ""^"^^ '^f^' ^^^^^^^^^^ pentacene nuclei, substituted and unsub- 

substituted and unsubstituted chivsene nuclei, substituted and ^ 5 each independently represent 

JStuTed naphtbacene nuclei and substituted unsubsWuted fluorene^^^^ ^ ^^^^^ ^^ -^^^ ^7 

rb^tit:tLorunsubstituteda^^^^^^^ 

and X^rnav be bonded to each Other, Y to Y eacninucH y r 

formlT^ described abo>«. a to d each represent an integer 

25 1, a+b+c+d^2. 
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40 



resented by following general fornnula [11]: . 



General fomnula [11] 
[0028] 



50 



55 



b 

c 



Wherein F rep^sents a substHuted o^unsub.J.ea. a^y^^^^ rc^rnS. and .ay be 

pendently represent a substituted or unsubsttu^^^^^ 
.,Ldedtoeachother.x3andX^^^^^^^^^^^^ 
represented by general formula [2] descriDeu <au , 
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a+b+c+-d>0. 



[0029] It is preferable that the group represented by F in general formula [11] is a group represented by following 
general fomriula [1 2], general fonnula [1 3] or general fonnula [1 4]: 

w General fomriula [12] 

[0030] 



15 



20 




CI 2) 



25 



30 



General formula [13] 
[0031] 



35 




CI 3) 



45 wherein R^' to R^"^' each independently represent hydrogen atom, a substituted or unsubstituted alkyi group having 1 
to 20 carbon atoms, a substituted or unsubstituted ary I group having 6 to 20 carbon atoms or cyano group and. adjacent 
groups among the groups represented by R^' to R^^' my be bonded to each other to form a saturated or unsaturated 
carbon ring; ' - ' 
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55 
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General formula [14] / . . 
[00321 



10 



15 



20 




CI 4) 
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30 



groups among the groups represented by R to R ,V .ny of gener.1 formulae 



SO 



10 



EP 1 061 112 A1 



5 



10 



50 



General formula [1 i '] 
[0042] 



.^N-F-N C 1 r 3 



c 

wherein F represents a group represented by general fornnula [14], to each independently represent a substituted 
15 or unsubstituted arylene group having 6 to 30 carbon atoms, X^ and X^ may be bonded to each other, X^ and X'^ may 
be bonded to each other, to each Independently represent an organic group represiented by general formula [2] 
described above, a to d repi'esent each an Integer of 0 to 2, and 

20 a+l>+c+d>a, 

general formula [14] being: 
25 General formula [14] 
[0043] 

30 



35 



40 . 




C 1 43 



wherein R^^' to R^' each independently represent hydrogen atom, a substituted or unsubstituted alkyi group having 1 
to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms or cyano group and adjacent 
45 groups among the groups riepresented by R^' to R^"*' my be bonded to each other to form a saturated or unsaturated 
carbon. ring. 

[0044] . The process for producing a material for organic EL devices of the present invention comprises reacting, In 
a presence of a catalyst comprising a phosphine compound and a palladium compound and a base, a primary amine 
or a secondary amine repreisented by following general formula [15]: 



R(NR'H)k [16] 



wherein k represents an integer of 1 to 3; when k represents 1, R and R' represent hydrogen atom, an alkyI group or a 
substituted or unsubstituted aryl group; and when k represents 2 or 3, R represents an alkylene group or substituted or 
55 unsubstituted arylene group and R' represents hydrogen atom, an alkyI group or a substituted or unsubstituted aryl 
group, with an aryl halide represented by following general formula [16]: 

Ar{X)m [16] 
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of 1 to 3. and producing a material for organ.c ^'^'^^'^"^^^'"'"''l^^'^J^^^ byTollowing general formula 

[00451 It is preferable that the arylamlne described above IS a cornpound represented Dytoiio 



[17]: 

General fbnnulati 7] 
[0046] 



10 



15 



20 



25 



W-nPrepresentsasubstitute dorun— 
.?e°pr2ercf^;gS^^^^ 

a+b+c+d;>0. 



,30 [00471 .tispr.ferab,etnatthephosph,necor.poundisatria.^^^^^^^ 

^ or a diphosphine compound. 

nnirrnr-^rRiPTnN^'^THFnRAWiNGS 

35 [0048] 

''^^^^ 

,om.a by boralng 9 phmllt, ot ,Mse groups "''''^^^'■^^''J^'^ aM™ STpl^ of th. graup rep.^..n»a by 

!:;i°s:rrp^:L"rsin:rr.s^^ 

V Sl»-ir,g 1 » 20 o«»on atoms. so .Ikoxy group h^ng 1 10 ^^^^f^ZZ'lSL^ZTi^^'O-^' 

'■:^ :^''''^^,^t^<' each ropr^so, s„ ,„»gsr o. 0 ,0 Howsyon when ,be g,«op represon.sd by 

' -VjV^v ; ' < 'Ahas.26 oM 
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45 



50 
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a+b-h5+d?>0 

5 

and the group represented by A does not contain 2 or more anthracene nuclei. 

[0052] In general formula [2] in the present invention, to each independently represent hydrogen atom, a sub- 
stituted or unsubstituted aikyi group having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 
20 carbon atoms or cyano group. Examples of the group represented by R"" to R^ include substituted and unsubstituted 

10 alkyi groups such as methyl group, ethyl group, propyl group, butyl group, sec-butyl group, tert-butyl group, pentyl group, 
hexyl group, heptyl group, octyl group, stearyl group, 2-phenylisopropyl group, trichloromethyl group, trrfluoromethyl 
group, benzyl group, a-phenoxybenzyl group, a,a-dimethylbenzyl group, a,a-methylphenylbenzyl group, a,a-ditrifiuor- 
omethylbenzyl group, triphenylmethyl group and a-benzyloxybenzyl group; and substituted and unsubstituted aryl 
groups such as phenyl group, 2-methylphenyl group, S-methylpbenyl group, 4-methyl phenyl group, 4-ethyIphenyl group, 

15 biphenyl group, 4-methylbiphenyl group, 4-ethylbiphenyl group, 4-cyclohexylbiphenyl group, terphenyl group, 3,5- 
dichlorophenyl group, naphthyl group, 5-methylnaphthyl group, anthryl group and pyrenyl group. 
[0053] In general formula [2] in the present invention, Z represents a substituted or unsubstituted aryl group having 
6 to 20 carbon atoms. Examples of the group represented by Z include aryl groups such as phenyl group, biphenyl 
group, terphenyl group, naphthyl group, anthryl group, phenanthryl group, fluorehyl group, pyrenyl group and thiophene 

20 group. The above aryl groups may have substituents. Examples of the substituent include alkyI groups and aryl groups 
described above as the examples of the group represented by R"* to R^, alkoxy groups, amino group, cyano group, 
hydroxyl group, carboxylic acid group, ether group and ester groups. In general formula [2], n represents 0 or 1 . 
[0054] As described above, since the compound represented by general formula [1] in the present invention has a 
diamine structure at the central portion and a styrylamine structure at end portions, the ionization energy is 5.6 eV or 

25 smaller and holes can be easily injected. The mobility of holes is 1 0'^ m^A/ • s or greater. Therefore, the compound has 
the excellent properties as the hole injecting material and the hole transporting material. Due to the polyphenyl struc- 
ture at the center, the electron affinity is 2.5 eV or greater and electrons can be easily injected. 

[0055] Moreover, since the structure represented by A has 22 or more carbon atoms, an amorphous thin film can 
be easily formed. The glass transition temperature is raised to 100°C or higher and heat resistance can be improved. 
30 When two or more anthracene groups are contained in the structure represented by A, there is the possibility that the 
compound represented by general formula [1] decomposes under heating. Compounds having a structure in which 
and or X^ and X'* are bonded to each other through a single bond or a carbon ring bond has elevated glass transition 
temperatures and show improved heat resistance. 

[0056] In the compounds represented by general formulae [3] to [6] of the present invention. B represents a substi- 
35 tuted or unsubstituted arylene group having 6 to 60 carbon atoms. Examples of the group represented by B Include 
divalent groups formed from biphenyl,. terphenyl, naplithalene, anthracene, phenanthrene, pyrene, fluorene, thiophene, 
coronene and fluoranthene and divalent groups formed by bonding a plurality of these groups to each other. X^ to X"^, 
to Y"* and a to d are the same as those in general formula [1], wherein at least one of the groups represented by B, 
X\ X^, X^ and X"^ has a chrysene nucleus. 
40 [0057] As described above, since the compounds represented by general formulae [3] to [6] in the present invention 
have a diamine structure at the central portion and a styrylamine structure at end portions, the ionization energy lis 5.6 
eV or smaller and holes can be easily injected. The mobility of holes is 10""* m^/V-s or greater. Therefore, the com- 
pound has the excellent properties as the hole injecting material and the hole transporting material. Due to the 
chrysene nucleus contained in at least one of the groups represented by B, X"*, X^, X^ and X"*, durability and heat resist- 
45 ance are improved. Therefore, driving for a long time is enabled and an organic EL device which can be stored or driven 
at high temperatures can be obtained. 

[0058] Moreover, the life of the organic EL device can be extended when the compounds represented by general 
formulae [3] to[6] are used as the doping material and the efficiency of light emission can be improved when the com- 
pounds are used as the material of the light emitting layer. 

50 [0059] In the compound represented by general formula [7] of the present invention, D represents a divalent group 
containing a substituted or unsubstituted tetracene nucleus or pentacene nucleus. Examples of the group represented 
by D include divalent groups formed by connecting a plurality of at least one group selected from the group consisting 
of biphenyl, naphthalene, anthracene, phenanthrene, fluorene and thiophene and the tetracene nucleus or the penta- 
cene nucleus! X^ to X"*, Y^ to Y"^ and a to d are the same as those in general formula [1], wherein X"* and X^ may be 

55 bonded to each other and X^ and X"* may be bonded to each other. 

[0060] In the compound represented by general formula [8] of the present invention, X'' to X^, Y^ to Y^ and a to d 
each independently represent the same atom and groups as those described above in general formula [1]. R^"' to R^ 
each independently represent hydrogen atom, a substituted or unsubstituted alkyI group having 1 to 20 carbon atoms. 
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. 15 



20 



a or un— d a.Koxy group having 1 to 20 ca*on --^^^^^^^^ toW^e 

ing 6 to 20 carbon atoms or cyano group ^^^^^'^^^^7^^^^^^ 

bonded to each other to form a saturated or unsaturated substtuted or u ,^,3 ,3,,y an alkyl group 

the life of the obtained device is short. formula m in the present invention exhibits 

0062] As described above, the compound structure/Holes are easily 

Lnjfluorescence in the region of -^MNs^ClV stn^S^^^^^^^ L'ligS emit«ng iayer. hoies are easiiy 

;^pSa^^rr:rrof~^^^^^^^^ 

orange coior and red color in a high efficiency can be obtained^ ^ ^ the doping material, the 

comprising an anthracene nucleus which is ^ub^'tuted wn:n a^^ gr p Examples of the group repre- 

[0065] However, When E represents an unsubstituted group: 



25 



30 



35 



N-A-N J 



at least two of to contain a substituted or unsubstltuted group: 



40. 



45 




C21 



50 as 



55 



m. WnizKlon en.w = feeing ™.er« «,d .he hole. 

;rsr«;r:&rr.i=» — ^^^^^ ..«™ns 

injected. • . . p unsubstituted the glass transition temperature is as low 

[0067] When the anthracene nucleus represented by E f ""^"^^^^^^^^^ two substrtuents and preferably 

is loJ-C or lower. The glass transition temp--^"--" ^^^^ Z'Z^r^^^^^ ^"'^"^^^ 

2 to 4 substituents to the nucleus as described above. specific bj^"^^ be facilitated. When phenyl group is 
bility of the compound represented by g-eral formula t^l f ^^^^ ^ .^p^^ties increases since 

bonded at a position otherthan the above P°^'*'°"- ^^^V 2;^" ^^I^nic S^^^ By the substitution of aryl 

purification becomes difficult and the properties °^*l"!lTb; is suppressed and the quantum effi- 
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groups, substituted and unsubstituted 1 ,3-naphthalene groups, substituted and unsubstituted 1 ,8-naphthalene groups, 
substituted and unsubstituted fluorene groups and substituted and unsubstituted biphenyl groups, Ar^ represents a 
divalent group selected from tlie group consisting of substituted and unsubstituted anthracene nuclei, substituted and 
unsubstituted pyrene nuclei, substituted .and unsubstituted phenanthrene nuclei, substituted and unsubstituted 
5 chrysene nuclei, substituted and unsubstituted. pentacene nuclei, substituted and unsubstituted naphthacene nuclei 
and substituted and unsubstituted fluorene nuclei, 
[0069] Examples.of the divalent group include: 
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[0070] . to X® anci to each independently represent the same groups as those described in general fonnula 
[9]. a to d each represent an integer of 0 to 2, 

a+b+c+d^2, - 

e represents 0 or 1 and f represents 1 or 2, wherein, when Ar^ represents an anthracene nucleus, the case in which 
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a=b=c=d 



and Ar^ and Ar3 both represent p-phenylene group is excluded. ; „=, ri 01 in the oresent Invention has 

[00711 AS described above, since the compound represented ^-/-'J^^^X terrrmo^^^^^^^^^^^^^ 

[ diamine structure, the ionization energy is 5.6 eV or smaHer and J^^;^-"^*^^^;^:' ^j",' the hole 

ing the condensed ring at the center, electrons can be easily injected. _ structure a stable amorphous 



vented by the above specific structures of Ar^ and Ar^. material for the organic EL devices 

. [0073] in the compounds represented by genera! formulae [11] t^l^ f ^ "^^^^^^ or unsub- 

Lnd the novel compound used in the organic EL ^^^^^^^^ TncTude divalent groups 

; S :'n general fo^^^^^ - 
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,0075] AS described above, since the -pounds rep^n^b^^^^^^^ 
nvention have a diamine structure at the center and .^^f^^^'^'^'J^.f ^^J,^,^^^^^ by adding the compound 

eV or smaller. Therefore, the property of injecting holes into ^^^^^"S/^^yf^^ J^"^^^^^^ emitting layer is improved by 
into the light emMng layer. Moreover, the balance ^^f^ , J^^r^^^^J^^^^ and the life 

catching holes and the efficiency of light emission the above compound repre- 

are improved in comparison with the case in wh«h the ''SM^rnittng layer is com^^^^ compound having the 

sented%generalformula[11lor[in^oneas«^^^^^^^^^^ 

structure in which and are bonded to f'^^^^^^^l^ .^J^on^^^ and improved heat resistance, 

or through a carbon ring bond provides an elevated 9^«= * °" LThe present TnvertL. R^' to each independ- 
[0076] . :• inthe group ^^^^^f^^lZTl uZZm^^^^ atoms. asubsf.uted.or 

ently represent hydrogen atom, a subsWuted or l ^ ^ „^ s among the groups repre- 

■ unsubstituted ary. g«>up ^-^"^ «^°J°^^^^^^ cSrbon ring. Examples of the 

sented by f^^' ^s^^o R^°Sc'2de a'M groups such as methyl group, ethyl g«>up 

Sr^up. .2-phenylisopropyl group, trichlorome^hyl group and 

. «,«-dimethylbenzyl group. «,a-methylphenylbenzylgrou^^^^^ 

«-benzyloxybenHyl group: and substituted ^^^^^^^^ J/'^^jf f ^^^^^ group. 4-ethylbi- 

?<;°o??]^"SS^ 
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to (86) as the typical examples of the compound represented by general formula [8], Compounds (87) to (1 04) as the 
typical examples of the compound represented by general formula [9], Compounds (105) to (126) as the typical exam- 
ples of the compound represented by general formula [10] and Compounds (127) to (141) as the typical examples of 
the compounds represented by general formulae [11] and [11'] are shown. However, the present invention is not limited 
to these typical examples. 
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20 [0078] The compounds represented by general formulae [1], [3] to [10] of the present invention exhibit strong fluo- 
rescence in the solid state, have the excellent light emitting property in the electric field and show a quantum efficiency 
of fluorescence emission of 0.3 or greater since the polyphenyl structure represented by A or B and the amine structure 
are connected to each other at the center of the compounds. The compounds represented by general formulae [7] and 
[8] exhibit strong fluorescence in the solid state or the dispersed state in the fluorescence region of yellow color, orange 

25 color or red color and have an excellent light emitting property in the electric field since the structure containing the tet- 
racene nucleus or the pentacene nucleus and the amine structure are connected to each other. 

[0079] The compounds represented by general formulae [1 ], [3] to [10] of the present invention can be used effec- 
tively as the light emitting material and may be used also as the hole transporting material, the electron transporting 
material and the doping material since the compounds. have all of the hole injecting property from metal electrodes or 
30 organic thin film layers, the hole transporting property, the electron injecting property from metal electrodes or organic 
thin film layers and the electron transporting property. In particular, when the compounds represented by general for- 
mula [7] and [8] are used as the doping material, highly efficient emission of red light can be achieved since the com- 
pounds works as the center of recombination of electrons and holes. 

[0080] The compound represented by general formula [8] exhibits a particularly excellent property since the 

35 arylamine and tetracene are bonded at the specific positions. 

[0081 ] The organic EL device of the present invention is a device in which one or a plurality of organic thin films are 
disposed between an anode and a cathode. When the device has a single layer, a light emitting layer Is disposed 
between an anode and a cathode. The light emitting layer contains a light emitting material and may also contain a hole 
injecting material or a electron injecting material to transport holes injected at the anode or electrons injected at the 

40 cathode to the light emitting material. However, it is possible that the light emitting layer is formed with the light emitting 
material of the present invention alone because the light emitting material of the present invention has a very high quan- 
tum efficiency of fluorescence emission, excellent ability to transfer holes and excellent ability to transfer electrons and 
a uniform thin film can be formed. The organic EL device of the present invention having a multi-layer structure has a 
laminate structure such as: (an anode / a hole injecting layer / a light emitting layer / a cathode), (an anode / a light emit- 

45 ting layer /an electron injecting layer/ a cathode) and (an anode /a hole injecting layer/ a light emitting layer/ an elec- 
tron injecting layer / a cathode). Since the compounds represented by general formulae [1], [3] to [11], [11'] and [17] 
have the excellent light emitting property and, moreover, the excellent hole injecting property, hole transporting prop- 
erty, electron injecting property and electron transporting property, the compounds can be used for the light emitting 
layer as the light emitting material. 

50 [0082] In the light emitting layer, where necessary, conventional light emitting materials, doping materials, hole 
Injecting materials and electron injecting materials may be used in addition to the compounds represented by general 
formulae [1], [3] to [11], [1 1 '] and [1 7] of the present invention: Deterioration in luminance and life caused by quenching 
can be prevented by the multi-layer structure of the organic EL. Where necessary, a light emitting materials, a doping 
materials, a hole injecting materials and an electron injecting materials may be used in combination. By using a doping 

55 material, luminance and the efficiency of light emission can be improved and blue light and red light can, be emitted. 
The hole injecting layer, the light emitting layer and the electron injecting layer may each have a multi-layer structure 
having two or more layers. When the hole injecting layer has a multi-layer structure, the layer into which holes are 
injected from the electrode is referred to as the hole injecting layer and the layer which receives holes from the hole 
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fj^Jandteat resistance of the material and adhesion with the organic layers or the metal electrades. ■ 
mSaT Examples of the material which can be used in the light emitting layer ^^'^^^^^l^^^;^^^^^^^ 
S matSial In combination with the compounds represented by general ^--"^^ ^^^^^'^^ 

loS '^'tls essential that the content of the doping material in the ''^ht em«j.g^^^^^^^^ 

to^^T ^^^ng the holelniection materials which can be -d ir, the o^anic EL c^v^^^^^^^^ 
ples Of the aromatt tertiary amine derivative are not lim^^^^ PdPc.FePc.MnPc. 
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naphtholato)gallium. However, examples of the metal complex compound are not limited to the above compounds, 
[0093] Preferable examples of the five-membered derivative containing nitrogen include derivatives of oxazoles, thi- 
azoles, thiadiazoles and triazoles. Specific examples include 2, 5-bis(l -phenyl)- 1 ,3,4-oxa2ole, dimethylPOPOP, 2,5- 
bis(1-phenyl)-1,3,4-thia20le, 2, 5-bis(1 -phenyl)- 1,3,4-oxadiazole, 2-(4*-tert-butylphenyl)-5-(4"-biphenyl)-1 ,3,4-oxadia- 

5 zole, 2,5-bis(1 -naphthyl)- 1 ,3,4-oxadiazole, 1 ,4-t)is[2-(5-phenyloxadiazolyl)]benzene, 1 ,4-bis[2-(5-phenyloxadiazolyl)-4- 
tert-butylbenzene], 2-(4'-tert-butylphenyl)-5-(4"-biphenyl)-1 ,3,4-thiadiazole, 2,5-bis(1 -naphthyl)- 1 ,3,4-thiadiazole, 1,4- 
bls[2-5-phenylthiathazolyl)]benzene, 2-(4'tert-butylphenyl)-5-(4"-biphenyl)-1 ,3,4-tria20le, 2,5-bis(1 -naphthyl)- 1 ,3,4-tria- 
zole and 1 ,4-bis[2-(5-phenyltriazolyl)]benzene. However, examples of the five-membered derivative containing nitrogen 
are not limited to the above compounds. 

10 [0094] In the organic EL device of the present invention, at least one of light emitting materials, doping materials, 
hole injecting materials and electron injecting materials may be contained in the same layer of the light emitting layer in 
addition to the compounds represented by general formulae [1] and [3] to [8]. In order to improve stability of the organic 
EL device of the present invention with respect to the temperature, the humidity and the oxygen, a protecting layer may 
be formed on the entire surface of the device or the entire device may be protected with silicon oil or a resin. 

75 [0095] As the conductive material used as the anode of the organic EL device, a material having a work function of 
4 eV or greater is suitable. Examples of such a material Include carbon, aluminum, vanadium, iron, cobalt, nickel, tung- 
. sten, silver, gold, platinum, palladium, alloys of these metals, metal oxides used for ITO substrates and NESA sub- 
strates such as tin oxide and indium oxide and organic conductive resins such as polythiophene and polypyrrol. As the 
conductive material used for the cathode, a material having a work function smaller than 4 eV Is suitable. Examples of 

20 such a material include magnesium, calcium, tin, lead, titanium, yttrium, lithium, ruthenium, manganese, aluminum and 
alloys of these metals. However, examples of the materials used for the anode and the cathode are not limited to the 
above examples. Typical examples of the alloy include alloys of magnesium and silver, alloys of magnesium and indium 
and alloys of lithium and aluminum. However, examples of the alloy are not limited to these alloys. The composition of 
the alloy is determined by the temperature of the source of vapor deposition, the atmosphere and the degree of vacuum 

25 and a suitable composition is selected. The anode and the cathode may have a multi-layer structure having two or more 
layers, where necessary. 

[0096] In the organic EL device, it is preferable that at least one face of the device is sufficiently transparent in the 
wave length region of emitted light to achieve efficient light emission. It Is preferable that the substrate is also transpar- 
ent In the preparation of the transparent electrode, the above conductive material is used and vapor deposition or sput- 

30 tering is conducted so that the prescribed transparency is surly obtained. It Is preferable that the electrode disposed on 
the light emitting face has a light transmittance of 1 0% or greater. The substrate is not particulariy limited as long as the 
substrate has mechanical strength and strength at high temperatures and is transparent. Glass substrates or transpar- 
ent films of resins may be used. Example of the transparent films of resins include films of polyethylene, ethylene-vinyl 
acetate copolymers, ethylene-vinyl alcohol copolymers, polypropylene, polystyrene, polymethyl methacrylate, polyvinyl 

35 chloride, polyvinyl alcohol, polyvinyl butyral, nylon, polyether ether ketones, polsulfones, polyether sulfones, tetrafluor- 
oethylene-perfluoroalkyl vinyl ether copolymers, polyvinyl fluoride, tetrafluoroethylene-ethylene copolymers, tetrafluor- 
pethylene-hexafluoropropylene copolymers, polychlorotrifluoroethylene, polyvinylidene fluoride, polyesters, 
polycarbonates, polyurethanes, polylmides, polyether Imldes, polylmides and polypropylene. 

[0097] Each layer of the organic EL device of the present Invention can be produced suitably In accordance with a 
40 dry process of film formation such as vacuum vapor deposition, sputtering and plasma and ion plating or a wet process 
of film formation such as spin coating, dipping and flow coating. The thickness of the film is not particularly limited. How- 
ever, it is neciessary that the thickness be set at a suitable value. When the thickness is greater than the suitable value, 
a great voltage must be applied to obtain a prescribed output of light and the efficiency deteriorates. When the thickness 
. is smaller than the suitable value, pin holes are formed and a sufficient luminance cannot be obtained even when the 
.45 electric field Is applied. In general, the suitable range of the thickness is 6 nm to 1 0 iim. A thickness in the range of 1 0 
nm to 0.2 fxm is preferable. 

[0098] When the device is produced In accordance with a wet process, materials forming each layer are dissolved, 
or dispersed in a suitable solvent such as ethanol, chloroform, tetrahydrofuran and dioxane and a film is formed from 
the solution or the suspension. The solvent is not particularly limited. In any organic thin layer, suitable resins and addi- 

50 tives may be used to improve the property to form a film and to prevent formation of pin holes; Examples of the resin 
which can be used include insulating resins such as polystyrene, polycarbonates, polyarylates, polyesters, polyamides, 
polyurethanes, polysulfones, polymethyl methacrylate, polymethyl acrylate and cellulose, copolymers derived from 
these resins, phdtoconductive resins such as poly-N-vinylcarbazole and polysilane and conductive resins such as pol- 
. :ythiophene and polypyrrol. Examples of the additive include antioxidants, ultraviolet light absori3ents and piasticlzers. 

55 [0099] As described above, by using the compounds of the present invention for the light emitting layer of the 
organic EL device, practically sufficient luminance can be obtained under application of a low voltage. Therefore, the 
organic EL device exhibiting a high efficiency of light emission and having a long life due to suppressed degradation 
. and excellent heat resistance can be obtained. 
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ments. display panels and a marker light ^ ^^.^ ^^^.,^^3 ^ut also in the field 

[0101] The materials of the present '"mention can be used not only to J ^^^^ ^^^^^^ 

of electronic photosensitive materials, opto-electr.c conversion ^es so ar ^^^^^^ p^^^^^,. 

?01?2] Examples of the primary amine '«P--"^.^^ ''^ ^^^^ such as methyiamine. ethyl- 

ng a material for organic EL devices of tert-butylamine. n-amylam.ne 

amine, n-propylamine, isopropylamine, "-''"^^'^'"'"^■J^^^ST heptylamin^^ 2-aminoheptane, 3-aminoheptane, 
fsoamylar^ine tert-amylamine. '^'^^^^^^^^'^'''^■^^■^'^^^^^ l-tetradecylamine, pentade- 

ootylamine, nonylamine. ^ecylamine undecylam.ne Jodeoy^a^^^^^ Y ^ ,.„^i„e, 1 .2-d.ammopro- 
cvtemine 1 -hexadecylamine and octadecylamme, primary ^'^V'™" o-fluoroaniline, m-fluoroaniline, p- 

pane 1 3-diaminopropane and ^ .^-^'-^^f ^r^^f; J^^^" r^-a^ 1 -naphthylamine. 2-naphthyl- 

Suoroan line o-toluidine. m-toluidine, P-t°'"'d'"^' ^'^^l^'t"": iTJ Taminobiphenyl, g-aminophenanthrene, 2-tnfluor- 
Se 1-aminoanthracene, 2-aminoanthracene 2-am^^^^^^^^^^^ 3^,, ,3 ..pheny.enediamine. 

ZS^i^r;^^^ - 1.S.naphtha,enediamine; and the following com- 

pounds: 
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[0104] The ary! halide represented by general formula [16] is not particularly limited. Tlie group represented by Ar 
is, in general, an alkyi group having 1 to 18 carbon atoms or a substituted or unsubstituted aryl group having 6 to 22 
carbon atoms. The aromatic ring may have substituents. In the present invention, the aryl group include hydrocarbon 
groups having condensed rings. 

[0105] Examples of the aryl halide include aryl bromides such as bromobenzene, o-bromoanisole, m-bro- 
moanisole, p-bromoanisole, o-bromotoiuene, m-broinotoluene, p-bromotoluene, o-bromophenol, m-bromophenol, p- 
bromophenol, 2-bromobenzotrifluoride, 3-bromobenzo-trifluoride, 4-bromobenzenetrifluoride, 1-bronrio-2,4-dimethoxy- 
benzene, 1 -bromo-2,5-dimethoxybenzene, 2-bromophenetyl alcohol, 3-bromophenetyl alcohol, 4-bromophenetyl alco- 
hol, 5-bromo-1 ,2,4-trimethylbenzene, 2-bromo-m-xylene, 2-bromo-p-xylene, 3-bromo-o-xylene, 4-bromo-o-xylene, 4- 
bromo-m-xylene, 5-bromo-m-xylene, 1-bromo-3-(trifluoromethoxy)benzene, 1-bromo-4-(trifluoromethoxy)beuzene, 2- 
bromobiphenyl, 3-bromobiphenyl, 4-bromobiphenyl, 4-bromo-1 ,2-(methylenedioxy)benzene, 1-bromo-naphtbalene, 2- 
bromonaphthalene, 1-bromo-2-methylnaphthalene and 1-bromo-4-methylnaphthalene; aryl chlorides such as chlo- 
robenzene, o-chloroanisole, m-chloroanisole, p-chloroanisole, o-chlorotoluene, m-chlorotoluene. p-chlorotoluene, o- 
chlorophenol, m-chlorophenol, p-chlorophenol, 2-chlorobenzotrifiuoride, 3-chlorobenzotrifluoride, 4-chlorobenzenetrif- 
luoride. 1-chloro-2, 4-dimethoxybenzene, 1-chloro-2, 5-dimethoxybenzene, 2-chlorophenetyl alcohol, 3-chlorophenetyl 
alcohol, 4-chlorophenetyl alcohol, 5-chloro-1 ,2,4-trimethylbenzene, 2-chloro-m-xylene, 2-chloro-p-xylene, 3-chloro-o- 
xylene, 4-chloro-o-xylene, 4-chloro-m-xylene, 5-chloro-m-xylene, 1-chloro-3-(tnfluoromethoxy)benzene, 1-chloro-4-(tri- 
fluoromethoxy)benzene, 2-chlorobiphenyl, 3-chlorobiphenyl, 4-chlorobiphenyl, 1-chloronaphthalene, 2-chloronaphtha- 
lene, 1-chloro-2-methylnaphthalene and 1-chloro-4-methylnaphthalene; aryl iodides such as iodobenzene, o- 
iodoanisole, m-iodoanisole, p-iodoanisole, o-iodotoluene, m-iodotoluene, p-iodotoluene, o-iodophenol, m-iodophenol, 
p-iodophenol, 2-iodobenzotrifluoride, 3-iodobenzotrifluonde, 4-iodobenzenetrifluoride, 1-lodo-2,4-dimethoxybenzene, 
1-]odo-2,5-dimethoxybenzene, 2Hodophenetyl alcohol, 3-iodophenetyl alcohol, 4-iodophenetyl alcohol, 5-iodo-1 ,2,4-tri- 
methylbenzene, 2-iodo-m-xylene, 2-iodo-p-xylene, 3-iodo-o-xylene, 4-iodo-o-xylene, 4-iodo-m-xylene, 5-lodo-m- 
xylene, 1-iodo-3-(trifluoromethoxy)benzene, 1-iodo-4-(trifluoromethoxy)benzene, 2-iodobiphenyl, 3-iodobiphenyl, 4- 
iodobiphenyl, 1-iodonaphthalene, 2-iodonaphthalene, l7iodo-2-methylnaphthalene and 1-iodo-4-methylnaphthalehe; 
aryl fluorides such as fluorobenzene, o-fluoroanisole, m-fluoroaxisole, p-fluoroanisole, o-fluorotoluene, m-fluorotolu- 
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[0107] In the process for producing materials for organic EL devices of the present Invention, the method of addition 
35 of the aryl halide is not particularly limited. For example, two different types of aryl halides may be mixed with a primary 
amine before starting the reaction and the reaction may be conducted using the obtained mixture. Alternatively, a pri- 
mary amine may be reacted with one of two types of aryl halides. Then, the obtained secondary amine may be added 
to the other aryl halide and the reaction is conducted. The latter method in which different aryl halides are added suc- 
cessively is preferable because a tertiary amine can be produced more selectively. 
40 [0108] The amount of the added aryl halide is not particularly limited. When the two types of aryl halides are added 
to the primary amine sirhultaneously it is suitable that the amount of the aryl halide is in the range of 0.5 to 10 moles 
per 1 mole of the primary amine. From the standpoint of economy and easier treatments after the reaction such as sep- 
aration of the unreacted aryl halide, it is preferable that the amount of the aryl halide is in the range of 0.7 to 5 moles 
per 1 mole of the primary amine. When the two types of aryl halides are added successively to the primary amine, the 
45 aryl halide which is added first is added to the reaction system in an amount in the range of 0.5 to 1 .5 moles per 1 mole 
of the amino group In the primary amine. From the standpoint of improving the selectivity of the tertiary amine of the 
object compound, it is preferable that the above aryl halide is added to the reaction system in an amount of 0.9 to 1 .1 
mole per 1 mole of the amino group in the primary amine. 

[0109] The aryl halide which Is added after preparation of the secondary amine is added in an amount of 0.1 to 1 0 
50 mole per 1 mole of the amino group in the primary amine used as the starting material. To prevent complicated opera- 
tions in separation of the unreacted aryl halide and the unreacted secondary amine after the reaction, it is preferable 
that the aryl halide is added in an amount of 0.9 to 5 mole per 1 mole of the amino group in the primary amine used as 
the starting material. 

[0110] The palladium compound used as the catalyst component in the present invention is not particularly limited 
55 as long as it is a compound of palladium. Examples of the palladium compound include compounds of tetravalent pal- 
ladium such as sodium hexachloropalladate(IV) tetrahydrate and potassium hexach!oropalladate(lV); compounds of 
divalent palladium such as palladium(ll) chloride, palladium(ll) bromide. palladium(H) acetate, palladium acetylaceto- 
nate(ll), dichlorobis(benzonitrile)palladium(ll), dichlorobis(acetonitrile)palladium(ll), dichloro(bis(dlphenylp- 
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hoc:nhmo^ethane^Dalladium(in dichlorob]s(triphenylphosphine)pa!ladium(ll). dichlorotetraamminepalladium(ll), 

TnLTe palladium compound Is expensive, it is preferable that the amount of the palladium compound ,s 0.001 
to 5 0 mole as the amount of palladium per 1 mole of the primary amine. . , , 

romi in the process of the present invention, the trialkylphosphine compound used as the catalyst component .s 
nirtirulLrlv the trialkylphosphine compound include triethylphosphine, tricyclohexy Iphosph ne. 

tlo^Sp^^o^ b^^^^^ tri-sec-butylphosphine and tn^e^"^"^^^^^^^^^^ 

Z^n^Zse compounds tri-tert-butylphosphine is preferable because of the high reaction activity. The tnarylphos- 

phosphino)-1,r-binaphthyl((R)-BINAP). (S)-2. 2"-b'«(diphenylphosph,no)- .1 -binaphthyl-U^^^^^^ 
SKd'phenylphosphino). 1 .r-bisnaphthyl((±)-BINAP). 2S. 3S-bte(dlphenylphosphmo)butane(^^)-^^^^^^ 2B 
3R-bis(diphenylphosphino)butane((R.R)-CHIRAPHOS). 2.3-bis(diphenyl-phosph,no)butane(±)-CHIRAPH^^^^^^^ 
22^Srp tJuylphLphino)-1,1-binaphthyl((R)-Tol-BINAP), (S)-2.2'-bis(di-p-toluylphosph,no)-1 .1 -binaphti^y «^^^ 

phosphino)ferrocenyl ethylamine((S),(R)-BPPFA), N.N aimeinyi \n) ik^i , v ',,Lthun^n,\r,(^l(+\-BPPFA) 
LhviLlneam (SVBPPFA) and N,N'-dimethyl-1-[r,2-bis{diphenyl-phosphino)ferrocenyl]ethyllam.ne (±) BPPPA). 
ImJna thise impounds bisCdiphe^ylphosphfnOethane, 1 ,3-bis(diphenylphosphino)propane. bis d.phenylphos- 
Among <;°77"''^' ^ 'Tl^ferable 81 NAPs may be either optically active compounds or racemic compounds, 

.phmo^erroc^ne and B NA^^ the triphenylphosphine compound and the diphosphine 

SmSundIre oTto mo^^^^^^^ mole of the palladium compound. As long as the amounts are in this range 

the se^Jv" o? the anilamlne does'not change. However, it is preferable that the amount Is 0.1 to 1 0 mole per 1 mol 

Tsr'tr ;rero;:^: zs^^s;:::::^:^:^^'^ ... phosph^e compound .e the 

l.rntial comooneJ^^^ The combination of these components Is added to the reaction system as the cat- 

a?it S rrethoTof aSon of the components, the two components may be added to the reaction system sepa- 

Z\e l the halogTn iom in the two different types of aryl halldes which are added to the reaction system^When the 
Amount of thetase is ess than 0.5 mol, the activity of the reaction decreases and the yield of the ^^l^^; jj^^^^^^ 
Therefore, such an amount is not preferable. When the base is added in a great ---^^^^^'^^.^^^^ 
an/lamine does not change and, on the other hand, treatments after the reaction become complicated Therefore, it is 
P^etSe^hat the ^oun is 1.0 mole or more and less than 5 mole per 1 mole of the halogen atom. 

amide Aromatic hvdrocarbon solvents such as benzene, toluene and xylene are preferable. 

.amide. ^'^^''J^^ ^^^^ of the present invention is conducted under the ordinary pressure .n an 

LSherl o?a:;tert gLs^^^^^^ and argon. The process can be conducted also under an added pressure. 
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[0118] In the process of the present invention, the temperature of the reaction can be selected In the range of 20 to 
300°C and preferably in the range of 50 to 200°C. The time of the reaction can be selected in the range of several min- 
utes to 72 hours. 

[0119] The process of the present invention in which the arylamine compound is obtained in the presence of the 
catalyst comprising the phosphlne compound and the palladium compound and the base is specifically described in 
Synthesis Examples 12, 13, 14. 17 and 20. 

[0120] The present invention will be described more specifically with reference to examples in the following. How- 
ever, the present invention is not limited to the examples. 

Synthesis Example 1 (Compound (2)) 

Synthesis of Intermediate Compound A 

[0121] In a 200 ml round bottom flask, 0.38 g (2.04 mmole) of 4-bromobenzaldehyde and 0.98 g (4.29 mmole) of 
ethyl benzylphosphonate were dissolved in 40 ml of dimethylsulfoxide. To this was added. 0.5 g (4.49 mmole) of potas- 
sium t-butoxide In small portions at the room temperature and the resulting mixture was stin-ed for 18 hours. The reac- 
tion mixture was poured into 500 ml of water, solid was filtered to give yellow solid (0.5 g). 

[0122] In a 100 ml round bottom flask, the crystals obtained above, 2.0 g (12.0 mmole) of potassium iodide and 
1.14 g (6.0 mmole) of copper iodide were dissolved in 10 ml of hexamethylphosphoramide and the resulting mixture 
was stirred under heating at 150*C for 6 hours. After the reaction was completed, iO ml of a 1 N aqueous hydrochloric 
acid was added to the reaction mixture and the organic layer was extracted with toluene. After the extract was concen- 
trated, the reaction product was purified by recrystallizing from a mixture of diethyl ether and methanol and 0.28 g (the 
yield: 45%) of the following Intennediate Compound A was obtained: 



(Xntermediate Compound A) 



Synthesis of Intemnediate Compound B 

[0123] In a 50 ml round bottom flask, 3 g (17.4 mmole) of p-bromoaniline was suspended in 10 mi of a 6 N aqueous 
hydrochloric acid and cooled. To the cooled suspension, a solution prepared by dissolving 1.25 g (18.1 mmole) of 
sodium sulfite in 5.3 ml of water was slowly added dropwise at an inner temperature of 4°C. The resulting mixture was 
stirred at the same temperature for 1 hour and an aqueous solution of a diazonium compound was obtained. 
[0124] Separately, in a 100 ml round bottom flask, 0.3 g (1.7 mmole) of anthracene was dissolved in 5 ml of ace- 
tone. To this was added a solution prepared by dissolving 0.46 g of copper(ll) chloride dihydrate in 5.7 ml of water and 
the mixture was cooled to 4°C. To the cooled mixture, the aqueous solution of a diazonium compound obtained above 
was added at the same temperature and the resulting mixture was stirred for over night at the room temperature. After 
the reaction was completed, precipitated crystals were filtered, washed with methanol and dried and 0.2 g (the yield: 
24%) of the following Intemnediate Compound B was obtained: 
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10 



20 



25 



30 




(Intermediate Compoxuid B) 



Synthesis of Compound (2) 

pound, 0.56 g (1 .8 mmole) of Intermediate Compound A. 5 g of po^a^^im carbonate 0.3 g of o^p 9 

yield: 20%). 
35 Synthesis Example 2 (Compound (9)) 
Synthesis of Intermediate Compound C 

ene^l (Vf ) and 28 g (the yield: 29%) of the following Intermediate Compound C was obtained. 



45 



50 



55 



(Intermediate CJompovmd C) 
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Synthesis of Compound (9) 

[0129] In a 100 ml round bottom flask. 0.48 g (1 mmole) of Intermediate Compound B was dissolved in 10 ml of 
diethyl ether and the mixture was cooled to -78°C. To the cooled mixture, 2 ml (1 .6 M, 3 mmole) of n-butyllithium was 
5 added and the resulting mixture was stirred for 1 hour. Then, a solution prepared by dissolving 0.3 g (3 mmole) of tri- 
methyl borate in 5 ml of diethyl ether was added dropwise to the mixture. After the addition was completed, the resulting 
mixture was stirred at -78*'C for 1. hour. Then, 10 ml of a 1 N aqueous hydrochloric acid was added at the room tem- 
perature. After the organic layer was separated, the solvent was removed by distillation and crude crystals were 
obtained. 

10 [0130] In a 100 ml round bottom flask, the crude crystals obtained above, 0.97 g (3 mmole) of Intermediate Com- 
pound C, 12 mg of Pd(PPh3)4 and 0.32 g (1 .5 mmole) of potassium phosphate were dissolved in 1 0 ml of dimethylfor- 
mamide and the resulting mixture was stirred at 100° C for 4 hours. After the organic layer was separated, the solvent 
was removed by distillation and crude crystals were obtained. The crude crystals were purified by the column chroma- 
tography (silica gel, benzene/ethyl acetate=50/1 ) to give 0.13 g of yellow powder The powder was identified to be Com- 

15 pound (9) by the measurements in accordance with NMR, IR and FD-MS (the yield: 14%). 

Synthesis Example 3 (Compound (18)) 

Synthesis of Intermediate Compound D 
20 : 

[0131] A Grignard reagent was prepared by adding magnesium and diethyl ether to 0.48 g (2.0 mmol) of 1 ,4-dibro- 
mobenzene. Separately, in a 100 ml round bottom flask, 5.7 g (20.0 mmole) of 1 ,4-dibromonaphthalene and 10 mg of 
NiCl2(dppp) were dissolved in 20 ml of diethyl ether and the resulting mixture was cooled in an ice bath. To the cooled 
mixture, the Grignard reagent prepared above was added and the obtained mixture was stirred under refluxing for 6 
25 hours. After the reaction was completed, 10 ml of a 1 N aqueous hydrochloric acid was added. After the organic layer 
was separated, the solvent was removed by distillation and 0.30 (the yield: 30%) of the following Intermediate Com- 
pound D was obtained: 

35 

(Intermediate Compoimd D) 



40 

Synthesis of Compound (1 8) 

[0132] In a 100 ml round bottom flask, 0.09 g (1.0 mmole) of aniline and 0.25 g (2.5 mmole) of acetic anhydride 
were dissolved into 5 ml of methylene chloride. The resulting mixture was stirred at the room temperature for 1 hour. 

45 Then, the solvent was removed by distillation and an oily compound was obtained. To this was added 0.4 g (4.5 mmole) 
of Intermediate Compound A, 5 g of potassium carbonate, 0.3 g of copper powder and 20 ml of nitrobenzene and the 
resulting mixture was stirred under beating at 21 0*C for 2 days. Then, the solvent was removed by distillation and 1 0 ml 
of diethylene glycol and a solution prepared by dissolving 3 g of potassium hydroxide into 10 ml of water were added to 
the residue. The resulting mixture was stirred at 1 10**C for one night. After the reaction was completed, a mixture of 

50 ethyl acetate and water was added to the reaction mixture. After the organic layer was separated, the solvent was 
removed and crude crystals were obtained. 

[0133] Subsequently, into a 1 00 ml round bottom flask, the above crude crystals, 0.5 g (1 .0 mmole) of Intermediate 
Compound D, 5 g of potassium carbonate and 0.3 g of copper powder were dissolved in 20 ml of nitrobenzene and the 
resulting mixture was stirred under heating at 220°C for 2 days. After the reaction was completed, precipitated crystals 
55 were filtered, washed with methanol, dried and purified by the column chromatography (silica gel, hexane/toluene=1/1 ) 
to give 0.1 g of yellow powder. The powder was identified to be Compound (18) by the measurements in accordance 
with NMR, IR and FD-MS (the yield: 1 0%). 
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10 



15 



20 



Example 1 

„,34, Ac,„„e- .... P.«e .,.,™, - ^e«».e ^^•^^SS'^T^^^'^'^' 

age of 5 V. 

Example 2 

rent voltage of 5 V. 



Example 3 



25 



30 



35 




(A 1 q) 



long as 2,000 hours. 



Examples 4 to 16 



50 



55 



above was vacuum vapor deposited as the electron .njectmg material and an electron nject.ng^ay 9 
maximum luminance of 10,000 (cd/m^) or greater. 
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Table 1 



Example No. 


Type of light emitting 
material 


Efficiency of light emis- 
sion ^im/w^ 


Half life time (hour) 


4 


(3) 


O Q 




5 


(4) 


2.4 




6 


(5) 


3.0 




7 


(6) 


1 .2 




8 


(9) 


2.8 




9 


(10) 


1.7 




in 
1 \j 




1.0 


1400 


11 


(14) 


2.1 


2700 


12 


(15) 


2.9 


4200 


13 


(18) 


1.6 


1300 


14 


(20) 


2.6 


1800 


15 


(26) 


3.1 


4000 


16 


(27) 


1.4 


2100 



Example 17 

[0138] On a cleaned glass plate having an ITO electrode, the following compound (TPD74): 




was vacuum vapor deposited on the film formed above as the hole transporting material and a film having a thickness 
of 20 nm was formed. Then, 4,4'-bis(2,2-diphenylvinyl)biphenyl (DPVBi) and Compound (3) obtained above were vapor 
deposited simultaneously and a layer having a content of Compound (3) of 5% by weight and the thickness of 40 nm 
was formed. Compound (3) works as the fluorescent dopant. Subsequently, the compound (Alq) was vapor deposited 
as the electron injecting material and a layer having a thickness of 20 nm was fonned. Then, LiF was vapor deposited 
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-. Of aluminum and a layer having athickness of 100 ^j/rrlL the teZ^^^^ was kept at the 

. were formed by vapor deposttion under a vacuum of 10 ^^^^jf J^^^^j^J';^^^^^^ 

^^^'^roTrSre^"^^^^^^^ 

' Of 400 (cd/m^ the ha« .«e «me was as long as 3.000 hou.. 

Comparative Example 1 

mm An o„=« EL device ^ prepaied in ^,r.. »». « s"^ Pr-'"-"- » «n<.>«.d In E»nv 
pte 1 e«oept IhM the lollowing Compound of Compamllv. Example 1 : 

20 (CJompotmd of Comparative Example 1) 

properties could not be obtained. 
Comparative Example 2 . 

30 [01401 An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 3 except that the following Compound of Comparative Example 2: 

(0>- CH=CH -H(g>-N-<^^ 



40 



45 



50 



55 



(Compound of Comparative Example 2) 

(cd/m2j. the. half life time was as siriort as 600 hours. 
Test of heat resistance 

[0141, . The organic EL devices prepared in Examples 2 and 3 and Compa^tive J-f 

used for the measurement of luminance of emitted light, were P^ced - a ^am^er ^ep -t^^e -n^^^^^ ^^^^^ 
lOQoc After 500 hours, luminance of light emission was measured again. The values or '"^n " 

- d^oe. r ™p?.n .»e cn.n«er w.« oon^p.red .nd .he ,e..n.lon ^^T^^^'^^'^, Oompe«*. 
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material in Examples 2 and 3 exhibited excellent lieat resistance and could retain luminance for a long time because 
the compounds had glass transition temperatures higher than 1 1 0*'C. 

Synthesis Example 4 (Compound (30)) 
5 . . . 

Synthesis of Intermediate Compound E (6,12-diiodochrysene) 

[0143] In a 300 ml round bottom flask, 5 g (22 mmole) of chrysene was dissolved in 1 00 ml of carbon tetrachloride. 
To this was added 1 6 g (64 mmole) of iodine dissolved in 1 00 ml of carbon tetrachloride dropwise at the room temper- 
10 ature. The resulting mixture was stirred under heating for 5 hours, precipitated crystals were separated by filtration and 
the crystals were washed with 1 00 ml of carbon tetrachloride. The crude crystals were recrystallized from 200 ml of tol- 
uene and Intennediate Compound E was obtained (the yield: 35%). 

Synthesis of Compound (30) 

15 

[0144] In a 1 00 ml two-necked flask, 2 g (10 mmole) of 4-amlnostllbene was dissolved in 20 ml of methylene chlo- 
ride. To this was added 2.5 g (25 mmole) of acetic anhydride. The resulting mixture was stirred at the room temperature 
for 1 hour. Then, the reaction solvent was removed by distillation and an oily compound was obtained. In a 300 ml two- 
necked flask, 4.1 g (20 mmole) of iodobenzene, 3 g (30 mmole) of potassium carbonate, 0.06 g (1 mmole) of copper 

20 powder and 100 ml of nitrobenzene were added to the obtained oily compound and the obtained mixture was stirred 
under heating at 220°C for 2 days. Then, the solvent was removed by distillation and 10 ml of diethylene glycol and a 
solution prepared by dissolving 30 g of potassium hydroxide into 1 00 ml of water were added to the residue. The reac- 
tion was allowed to proceed at ilO*'C for one night. After the reaction was completed, a mixture of ethyl acetate and 
water was added to the reaction mixture. After the organic layer was separated, the solvent was removed by distillation 

25 and crude crystals were obtained. 

[0145] Subsequently, in a 300 ml two-necked flask, the above crude crystals, 2.4 g (5 mmole) of Intermediate Com- 
. pound E, 3 g (20 mmole) of potassium carbonate and 0.06 g (1 mmole) of copper powder were dissolved in 100 ml of 
nitrobenzene and the resulting mixture was stin-ed under heating at 230°C for 2 days. After the reaction was completed, 
precipitated crystals were separated by filtration, washed with methanol, dried and purified in accordance with the col- 

30 umn chromatography (silica gel, hexane/toluene=1/1) and 1 .0 g of yellow powder was obtained. The powder was iden- 
tified to be Compound (30) by the measurements in accordance with NMR, IR and FD-MS (the yield: 25%). 

Synthesis Example 5 (Compound (36)) • 

35 Synthesis of Compound (36) 

[0146] In a 1 00 ml round bottom flask, 3.4 g (20 mmole) of diphenylamine, 4.8 g (1 0 mmole) of Intermediate Com- 
pound E, 3 g (30 mmole) of potassium carbonate and 0.06 g (1 mmole) of copper powder were dissolved In 100 ml of 
nitrobenzene and the resulting mixture was stin-ed under heating at 21 0°C for 2 days. After the reaction was completed, 
40 precipitated crystals were separated by filtration, washed with methanol, dried and purified in accordance with the col- 
umn chromatography (silica gel, hexane/toluehe=1/1) and 2.8 g of yellow powder was obtained. The powder was iden- 
tified to be Compound (36) by the measurements in accordance with NMR, IR and FD-MS (the yield: 50%). 

Synthesis Example 6 (Compound (38)) 

45 

Synthesis Of Compound (38) 

[0147] In a 100 ml four-necked flask, 1 .0 g (41 mmole) of magnesium, 1 ml of tetrahydrofuran and a small piece of 
iodine were placed under an argon stream. To this mixture, 9.7 g (30 mmole) of 4-bromotrlphenylamine dissolved In 1 00 

50 ml of tetrahydrofuran was slowly added dropwise at the room temperature. After the addition was completed, the reac- 
tion mixture was stirred under heating at 60°C for 1 hour and a Grignard reagent was prepared. 
[0148] In a 300 ml four-necked flask, 4.8 g (10 mmole) of Intermediate Compound E, 0.28 g (0.4 mmole) of 
PdCl2(PPh3)2 and 1 .0 ml (1 mmole) of a 1 .0 M toluene solution of AIH(iso-Bu)2 were dissolved in 50 ml of tetrahydro- 
furan under an argon stream. To this was added the Grignard reagent prepared above dropwise at the room tempera- 

55 ture. The temperature was elevated and the reaction mixture was heated under refluxing for over night. After the 
■ reaction was completed, the reaction liquid was cooled with ice water. Precipitated crystals were separated by filtration 
and washed with acetone. The obtained crude| crystals were recrystallized from 100 ml of acetone and 4.3 g of yellow 
powder was obtained. The powder was identified to be Compound (38) by the measurement in accordance with NMR, 
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JR and FD-MS (the yield: 60%). 
Synthesis Example 7 (Connpound (47)) 
Synthesis of Compound (47) 

[01491 in a 100 ml two-necked flask, 2.4 g (10 mmole) of 6-amlnochrysene was dissolved into 20 ml of methylene 

ch o^e. To mis was added 2.5 g (25 mmole) of acetic anhydride and the resulting f f ^ ^^^^^f^J^^^^ 
perature fori hour. Then, the reaction solvent was removed by distillation and an oily compound wa^^^^^ 

ml h«o necked flask 4 1 g (20 mmole) of iodobenzene, 3 g (30 mmole) of potassium carbonate and 0 06 g (1 mmole) 

TcT^pepowdrwertdi^iolvedi 

t, waci otirred under heatinq at 220'>C for 2 days. Then, the solvent was removed by distillation and 1 0 ml of dietnyiene 
rooTan ToluCrepSbyd-^^^ 

The reaction was allowed to proceed at 1 1 0=C for one night. Afterthe reaction was completed, a mixture of ethyl acetete 
Ind I^Cw^ added to the Reaction mixture. After the organic layer was separated, the solverrt was removed by d.stil- 

loism TufseXtT^a^Oolrt^o-necked flask, the crude crystals obtained above. 2 g (5 mmole) of 4.4.-diiodo. 
biphelvl 3 g (30 mr^S S of potassium carbonate and 0.06 g (1 mmole) of copper powder were dissolved m 100 ml of 
nitrobenzene andThT resulting mixture was stirred under heating at 230' Cfor 2.days. Afterthe reaction was completed, 
orSteterc'y^a?^^^^^^^ by filtration, washed with methanol, dried and purified in accordance with the col- 

SrSS? hyTsHica gel; hexan'e/to,uenel=1/3) and O.S g °' V^'^^rR LTd"^^^^^^ 
titled to be Compound (47) by the measurements in accordance with NMR. IR and FD-MS (the yield. 30 

Example 18 

rai5l1 A cleaned glass plate having an ITO electrode was coated with a composition which contained Compound 
Sorobtained S^ Ke'l^^^ emit^ng material. 2.5-bis(1-naphthyl)- 1,3.4-oxadiazole and a Po'yf *°n-J.^'Ynd 
30) ji, Co Ltd • PANLITE K-1300) in amounts such that the ratio by weight was 5:3:2 and 

—^oSed S^^^^^^^ light emitting layer, an electrode having a thickness of 150 nm was fornried with an 

Toy p epa^ed by Sixing aluminum and lithium in amounts such that the content of "«t^um 3% ^y^^^^-J^^-- 
ZZnir (=1 device was obtained The organic EL device exhibited a luminance of emitted light of 320 (cd/m ). the max 
Tum Tumt,arce om^^^^^^ and an efficiency of light emission of 2.5 (ImA^ under application of a direct cun-ent 
voltage of 5 V. 



Example 19 

roiMl On a dsmed ol.ss pl«» having an ITO .ladrod.. Compound (37) oblalned aoove «as vaoourn «ipor 
Sltad ^the Srw^mL*. and a »gh. «n«lng la,.r n.vlng . .WoKnaaa ol 1 00 nn, was 

:r^ra„-a=^S"raLT;or^^ 

11 0 (cd/m2). the maximum luminance of 20,000 (cd/m^) and an efficiency of light emission of 1 .2 (Im/W) under applica 
tion of a direct current voltage of 5 V. 

Example 20 

roi531 On a cleaned glass plate having an ITO electrode, CuPc was vacuum vapor deposited as the hole injecting 
r^Iter al and a ho le infecttg teJer having a thickness of 40 nm was fomied. Then, a hole transporting layer havirig a 
thSknels ^20 nr^ wisTo m^ using'compcund (47) obtained above as the hole t^^-P^^-^ ^ J^"^' ""^^^^^^^^^^ 
rm»rn J!^er having a thickness of 60 nm was fomied by vacuum vapor deposition of the compound (Alq) descnbed 
fiSene waJ added to the Ight emitting layer in an amount of 4% by weight. On the layers formed above, an 
T:oTu:ZT^-^ToT^ L was fo^ed' With an alloy prepared by mixing ^'j-lnum -d « 
c„^h that the content of lithium was 3% by weight and an organk: EL device was obtained. The above layers were 
Tmed by Spo detos^^^^^^^ a vacuum of fo- Torr while the temperature of the -bstrate was ^ept -t t^^^^^^^^^ 

emperati r^ The organic EL emitted green light with a luminance of emitted light of about 700 ifj^ -^^^^^^^ 
umLnce of 80.000 (cd/m^) and an efficiency of light emission of 6.0 (Im/W) under application of a direct current volt 
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age of 5 V. When the organic EL device was driven by a constant electric current at an Initial luminance of emitted light 
of 600 (cd/m^), the half life time was as long as 4.000 hours. 

Examples 21 to 33 

5 . 

[0154] On a cleaned glass plate having an ITO electrode, a hole injecting layer having a thickness of 20 nm was 
formed by vacuum vapor deposition of the hole injecting material shown in Table 2. A light emitting layer having a thick- 
ness of 60 nm was formed by vapor deposition of the compound (Alq) described above as the light emitting material 
and rubrene was added to the light emitting layer in an amount of 4% by weight. On the layers formed above, an elec- 
10 trode having a thickness of 150 nm was formed with an alloy prepared by mixing aluminum and lithium in amounts such 
that the content of lithium was 3% by weight. Organic EL devices were obtained in this manner. The above layers were 
formed by vapor deposition under a vacuum of 10'® Torr while the temperature of the substrate was kept at the room 
temperature. The light emitting properties of the obtained devices are shown in Table 2. The organic EL devices in these 
Examples all showed excellent luminances such as the maximum luminance of 1 0.000 (cd/m^) or greater. 

15 



Table 2 



Example 


Type of hole transporting 
material 


Half life time (hour) 


21 


(30) 


5200 


22 


(36) 


5600 


23 


(37) 


4200 


24 


(38) 


3200 


25 


(41) 


4800 


26 


(43) 


6700 


27 


(48) 


2400 


28 


(49) 


5700 


29 


(50) 


5200 


30 


(51) 


6000 


31 . 


(53) 


4000 


32 


(55) 


4000 


33 


(56) 


3200 



40 ' 

Example 34 

[0155] On a cleaned glass plate having an ITO electrode, compound (TPD74) described above was vacuum vapor 
deposited as the hole injecting material and a layer having a thickness of 60 mn was formed. Then, the compound 
45 (NPD) obtained above was vacuum vapor deposited as the hole transporting material and a layer having a thickness of 
20 nm was formed. 

[0156] 4,4'-bis(2,2-Diphenylvinyl)phenylanthracene (DPVDPAN) as the light emitting material and Compound (36) 
described above as the dopant were vapor deposited simultaneously and a layer which had a content of Compound 
(36) of 2% by weight and a thickness of 40 nm was formed. Then, the compound (Alq) described above was vapor 

50 deposited as the charge injecting material and a layer having a thickness of 20 nm was fomied. After lithium fluoride 
was vapor deposited and a layer having a thickness of 0.5 nm was formed, aluminum was vapor deposited and an elec- 
trode having a thickness was 1 00 nm formed. Thus, an organic EL device was obtained. The above layers were formed 
by vapor deposition under a vacuum of 1 0"® Torr while the temperature of the substrate was kept at the room tempera- 
ture. The organic EL device exhibited a luminance of emitted light as high as 500 (cd/m^) under application of a direct 

55 cun-ent voltage of 8 V and the emitted light had blue color of excellent purity. When the organic EL device was driven by 
a constant electric current at an initial luminance of emitted light of 100 (cd/m^), the half life time was as long as 7,000 
hours. 

[0157] The spectrum of the light emitted by this device was measured and it was found that the spectrum was the 
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10 



15 



same as that of the device using DPVBi. This means that Compound (36) did not affect the light emission but exhibited 
the effect of extending the iife of the device. 

Comparative Exampie 3 

roi581 An oraanlc EL device was prepared in accordance with the same procedures as those conducted in Exam- 

34 except St compound (36) described above was not added -'^he dopant When ^^^^^^ 
Sevice was driven by a constant eiectric current at an initial iuminanoe of emrtted light of 100 (cd/m ). the half life time 
was shorter than the half life time in Exampie 34, i.e., 4,000 hours. 

Comparative Exampie 4 

roi591 An oroanic EL device was prepared in accordance with the same procedures as those conduced in Exam- 
S^I 20 exce^ thrcompound of Comparative Example 2 described above was used as the *\°'«^ransPort,ng ma^^^^^^ 
rai601 -fhe 0 epared organic EL device exhibited a luminance of emitted light of 300 (cd/m^) and an efficiency of 
Siril.«lli of 4 roSvS under application of a direct current voltage of 5 V. However, when the organic EL device 
S dr::n bj a ctnsla^^le^tt cur'rent at an initial luminance of emitted light of 400 (cd/m^). the half iife time was as. 
short as 300 hours. 

20 Test of heat resistance 

r016il The organic EL devices prepared in Examples 20 and 27 and Comparative Exampie 4. which had been used. 
SmeaSreSt S fuminance of emitted light, were placed in a chamber kept at ^'^--J'-;^^^^^ 
After 500 hours, luminance of light emission was measured again. The values of luminance before and afterthe 
,«£.rfl kpnt in the chamber were compared and the retention of luminance was calculated. 
roi62r T^^rSo'^numinaSce of the organic EL devices prepared in Examples ^0 -^1 27 
Example 4 thus obtained were 87%, 90% and 25%. respectively. As shown by this result, the =°"^P°""^^^ "^f^^^^ 
Lht^mWinq mate^^^^ in Comparative Example 4 could not retain luminance because the compounds had a f^^^^' 
2„n tTSrl^uS owert^^^^ in contrast, the compounds usedforthe light emitting material in Examples 20 and 

rex2dl^l.erh?at^^^^^^^^ could retain Linance for a long time because the compounds had glass 
transition temperatures higher than 1 1 0''C. 

Synthesis Example 8 (Compound (58)) 
35 Syrithesis of Intermediate Compound F (5,1 1-dibromonaphthacene) 

roi63i ■ In a 2 liter round bottom flask, 50 g (0.19 mmole) of 5.12-naphthacene, 108 g (0.57 mmole) of tin(lV) chlo- 
SomlofacSrcrda?d\oOmiofc^^^ 

for reflux for 2 hours. After the reaction was completed, precipitated crystals were separated by filtration, washed witr, 
water and dried in a vacuum drying chamber and 48 g of crude crystals were obtained^ 50 a fO 19 mmole) of 

roi641 Subsequently in a 2 liter four-necked flask, the crude civstals obtained above and 50 g (0^1 9 "^"^oie) <jt 
GlhLtohLohrne were ^^^^ in 300 ml of dimethylformainide under an argon stream. To this was added 64 g (0.4 
Sc^eTo«:r^ m, Of dlmethylfom^amlde slowly dropwise and the --"j-^ 

oThiont t^mnprature After the addition was completed, the mixture was stin-ed under beating at 200 C for one nignt, 

« Jdid to thfresidr tSo omanic layer was extracted With toluene. The extract was dried with magnesium sulfate and 
: ^;S:^^^:::^Z rotaryUorator and an oily compound was obtained^The oily oorn^^'^ ;^9or.^, 
in accordance with the column chromatography (silica gel, '^^^"^=^'1) ^ LoSc^ ^h NMR 

obtained. The powder was identified to be Intermediate Compound F by the measurements in accordance with nmh, 

50. IR and FD-MS (the yield: 40%). 
Synthesis of Conripound (58) 

• ■ l„ » ion ml iwfi necked fiask 2 q (1 0 mmole) of 4-aminostilbene was dissolved in 20 mi of methylene chio- 

• 55 ^ this^L' add'dTs g (?fmr^^^ -hyiride and the resulting mixture was stirred at roo- 

: a?u%?o 1 ho" Then, the miction soh^ent was removed by distillation and an oily compound wa obta.ned^^ a 300 
ml necked flask 4 1 q (20 mmole) of iodobenzene, 3 g (30 mmole of potassium carbonate, 0.06 g (1 mmoie) or 

: cop^er ^wlr and 100 m, of nitrobenzene were added to the obtained oily compound and the obtained mixture was 
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stirred under heating at 220''C for 2 days. Then, the solvent was removed by distillation and 1 0 ml of diethylene glycol 
and a solution prepared by dissolving 30 g of potassium hydroxide into 100 ml of water were added to the residue. The 
reaction was allowed to proceed at 110*^0 for one night. After the reaction was completed, a mixture of ethyl acetate 
and water was added to the reaction nnixture. After the organic layer was separated, the solvent was removed and crude 
5 crystals were obtained. 

[0166] Subsequently in a 100 ml two-necl<ed flask, the crude crystals obtained above, 1 .9 g (5 mmole) of Interme- 
diate Compound F, 1.3 g (12 mmole) of potassium t-butoxide and 40 mg (5% by mole) of PdCl2(PPh3)2 were dissolved 
in 30 ml of xylene under an argon stream. The resulting mixture was stirred under heating at 1 30°C for over night. After 
the reaction was completed, precipitated crystals were separated by filtration, washed with methanol, dried and purified 
10 in accordance with the column chromatography (silica gel. hexane/toluenel=1/1) and 0.9 g of yellow powder was 
obtained. The powder was identified to be Compound (58) by the measurements in accordance with NMR, IR and FD- 
MS (the yield: 25%). / 

Synthesis Example 9 . 

15 

Synthesis of Compound (59) 

[0167] In a 300 ml four-necked flask, 2 g (10 mmole) of 4-hydroxystilbene and 5.2 g (20 mmole) of triphenylphos- 
phine were dissolved in 50 ml of dimethylformamide under an argon stream. To this mixture was added 5 g (20 mmole) 

20 of iodine dissolved in 50 ml of dimethylformamide slowly dropwise at the room temperature and the reaction was 
allowed to proceed. After the addition was completed, the reaction mixture was stirred at 200*'C for over night. After the 
reaction was completed, dimethylformamide was removed by distillation in vacuo and 200 ml of water was added to the 
residue. The organic layer was extracted with toluene. The extract was dried with magnesium sulfate and concentrated 
in vacuo using a rotary evaporator and an oily compound was obtained. The oily compound was purified in accordance 

25 with the column chromatography (silica gel, hexane/toluenel=1/1) and 2.5 g of yellow powder was obtained. 

[0168] Separately, in a 100 ml two-necked flask, 2 g (10 mmole) of 4-aminostilbene was dissolved in 20 ml of meth- 
ylene chloride. To this was added 2.5 g (25 mmole) of acetic anhydride and the resulting mixture was stirred at the room 
temperature for i hour. Then, the reaction solvent was removed by distillation and an oily compound was obtained. 
[0169] In a 300 ml two-niecked flask. 2.5 g of the yellow powder obtained above, 3 g (30 mmole) of potassium car- 

30 bonate, 0.06 g (1 mmole) of copper powder and 100 ml of nitrobenzene were added to the above oily compound. The 
resulting mixture was stirred under heating at 220*»C for 2 days. To the residue obtained by removing the solvent from 
the above mixture by distillation, 10 ml of diethylene glycol and 30 g of potassium hydroxide dissolved in 100 ml of water 
were added and the reaction was allowed to proceed at 1 10°C for over night. After the reaction was completed, a mix- 
ture of ethyl acetate and water was added to the reaction mixture. After the organic layer was separated, the solvent 

35 was removed by distillation and crude crystals were obtained. 

[0170] Subsequently in a 300 ml two-necked flask, the above crude crystals, 2.4 g (5 mmole) of Intennedlate Com- 
pound F, 1.3 g (12 mmole) of potassium t-butoxide and 40 mg (5% by mole) of PdCl2(PPh3)2 were dissolved in 30 ml 
of xylene under an argon stream. The resulting mixture was stirred under heating at 130°C and the reaction was 
allowed to proceed for over night. After the reaction was completed, precipitated crystals were separated by filtration, 

40 washed with methanol, dried and purified by the column chromatography (silica gel, bexane/toluene=1/1) and 0.2 g of 
yellow powder was obtained. The powder was identified to be Compound (59) by the measurements in accordance with 
NMR, IR and FD-MS (the yield: 5%). 

Synthesis Example 10 (Compound (61)) 

Synthesis of Compound (61) 

[0171] In a 300 ml four-necked flask, 9.7 g (30 mmole) of 4-bromotriphenylamine, 50 ml of toluene and 50 ml of die- 
thyl ether were placed and the resulting mixture was cooled with ice water under an argon stream. To the cooled mix- 
so ture, a mixture of 22 ml (33 mmole) of a hexane solution (1 .52 mole/liter) of n-butyllithium and 1 00 ml of tetrahydrofuran 
were slowly added dropwise at the room temperature and the resulting mixture was stirred. After 4.3 g (10 mmole) of 
6,13-dibromopenthacene was added to the reaction mixture, the obtained mixture was stirred at the same temperature 
for one night. After the reaction was completed, 500 ml of water was added to the reaction mixture and the organic layer 
was extracted with diethyl ether. The extract was dried with magnesium sulfate and concentrated in vacuo using a rotary 
55 evaporator and 7.4 g of an oily compound was obtained. 

[0172] In a 300 ml four-necked flask, the above compound, 6.6 g (40 mmole) of potassium iodide and 100 ml of 
acetic acid were placed and the resulting mixture was heated under refluxing for 1 hour. After the reaction was com- 
pleted, the reaction mixture was cooled to the room temperature and precipitated crystals were separated by filtration. 
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The Obtained corstals were washed with water and acetone and 2.7 g of orange solid wa^ °^ 
was identified to be Compound (61) by the measurement in accordance with NMR. IR and FD-MS (the yield. 35/.). 

Synthesis Example i1 (Compound (62)) 

Synthesis of Intermediate Compound G (5, 1 1 -diiodonaphthacene) 

10173] In'a 500 ml round bottom flask. 50 g (0.22 mmole) of naphthacene and 200 ml 

Diaced To this was added 1 60 g (0.64 mole) of iodine dissolved in 200 ml of cartoon tetrachloride slowly dropwise at he 
ro^m tmpe^tl and the resu' ing mixture was stirred under heating for 5 hours. ^^^^^^^^'2^20^^^^^^ 
by filtration and washed with 500 ml of methanol. The obtained crude crystals were.recrystalhzed from 200 ml of toluene 
and 34 g of Intermediate Compound G was obtained (the yield: 40%). 

Synthesis of Compound (62) 

roi741 In a 1 00 ml four-necked flask. 1 .0 g (41 mmole) of magnesium, 1 ml of tetrahydrofuran and a small piece of 
Swere placed under an argon stream. To this was added 9.7 g (30 mmole) ^-bromotripheny^amme d.ss^^^^^^^^ 
1 00 ml^f tet^hydrofuran slowly dropwise at the room temperature. After the addition was completed, the resulting mix- 
ture was stirred under heating at 60°C for 1 hour and a Grignard reagent was prepared. m4 mmolel of 
r0175l In a 300 ml four-necked flask, 4.8 g (10 mmole) of Intermediate Compound G, 0.28 g (0-4 mmole) of 
PdCI (PPhl and 1 O ml (1 mmole) of a 1 .0 M toluene solution of AIH(iso-Bu)2 were dissolved in 50 ml of tetrahydro- 
fur^^'S In J^gLn S^a^To the this mixture, the Grignard reagent prepared above was added dropwise at the 
oor^ tempLSu" The temperature was elevated and the reaction mixture was heated under - '"-"9 ^"^^ "^^^^ 
AfteTthe reaction was completed, the reaction liquid was cooled with ice water. Precipitated crystals ^^^ ^^P^^f^ 
fmition l^d washed with acetone. The obtained crude crystals were recrystallized from 100 ml of acetone and 3.6 g 
o?52^owrr was obtained. The powder was idenfrfled to be Compound (62) by the measurement in accordance 
with NMR, IR and FD-MS (the yield: 50%). 

Example 35 ' ■ 

roi761 A cleaned glass plate having an ITO electrode was coated with a composition which contained Compound 
Obtained Sve afthe 'IgM emMng material. 2.5-bis(1-naphthyl)-1,3,4-oxadiazole and a polyca*onate resin 
manuSred by TEIJIN KASEI Co.. Ltd.; PANLITE K-1300) in amounts such that the ratio by weight was 5:2:2 and 
TanSSin teSdro>uran in accordance with the spin coating and a light emitting layer having a thickness o 1 00 
Tm w?s iTated oJThe obtained light emitting layer, an electrode having a thickness of 150 nm was fomned with an 
Toy p epafed by Sixing aluminum and lithium in amounts such that the content of lithium was 3% -ig * and arj 
o manic EL device was obtained. The organic EL device emitted yellowish orange light with a luminance of emrtted light 
ofT3r(ccir^V^^^^^^ luminance Of 14,000 (cd/m^) and an efficiency of light emission of 1 .2 (Im/W) under appli- 

cation of a direct current voltage of 5 V. . _ 

• Example 36 V\^i-: •'. *" 

[0177] On a cleaned glass plate having an ITO electrode, Compound (71) obtained "above was vacuum vapor 
deDosited Tthe light emitting material and a light emitting layer having a thickness of 100 nm was prepared. On the 
bS iig^UmLlng layer, an electrode having a thickness of 100 - was formed with an a, oy pre^^ 
aluminum and Ifthium in amounts such that the content of lithium was 3% by Z femoa'ature ^ 

obtained The light emitting layer was formed by vapor deposition under a vacuum of 1 p « Torr while the temperatu e of 
the substrate was kept at L Lm temperature. The organic EL device emitted orange "9^^ 

light of 120 (cd/m2). the maximum luminance of 1.800 (cd/m^) and an efficiency of light emission of 0.3 (Im/W) under 
application of a direct cun-ent voltage of 5 V. 



Example 37 



[0178] On a cleaned glass plate having an ITO electrode, Compound (71) obtained above was vacuum vapor 
deoos ted as the light emitting material and a light emitting layer having a thickness of 50 nm was prepared. Then the 
omplnd (Aq) iScribJd a'bove was vacuum' vapor deposited on the obtained light emitting '^y- -^^^^^^^^^^ 
•injection layer hiving a thickness of 1 0 nm was formed. On the fomied layer, an ^^^^^^^ ^^^ZxJn^^^^^^ 3% 
was formed with an alloy prepared by mixing aluminum and lithium.in amounts such that the content of lithium was 3 /» 
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by weight and an organic EL device was obtained. Tiie light emitting layer and the electron Injecting layer were formed 
by vapor deposition under a vacuum of 10'^ Torr while the temperature of the substrate was l<ept at the room tempera- 
ture. The organic EL device emitted orange light with a luminance of emitted light of about 200 (cd/m^), the maximum 
luminance of 12,000 (cd/m^) and an efficiency of light emission of 1 .0 (Im/W) under application of a direct current volt- 
5 age of 5 V. 

Examples 38 to 46 - 

[0179] On a cleaned glass plate having an iTO electrode, a light emitting material shown in Table 3 was vacuum 
10 vapor deposited and a light emitting layer having a thickness of 80 nm was prepared. Then, the compound (Alq) 
described above was vacuum vapor deposited on the obtained light emitting layer and an electron injecting layer having 
a thickness of 20 nm was formed. On the fomned layer, an electrode having a thickness of 150 nm was formed with an 
■ alloy prepared by mixing aluminum and lithium in amounts such that the content of lithium was 3% by weight. In this 
manner, organic EL devices were obtained. The above layers were formed by vapor deposition under a vacuum of 10* 
IS ^ Torr while the temperature of the substrate was kept at the room temperature. The properties of light emission of the 
obtained organic EL devices are shown in Table 3. The organic EL devices in these Examples all showed excellent lumi- 
nances such as the maximum luminance of 5,000 (cd/m^) or greater. 



Table 3 



Example 


Type of light emitting 
material 


Efficiency of light emis- 
sion (Im/W) 


Half life time (hour) 


38 


(59) 


1.2 


1400 


39 


(60) 


1.4 


1600 


40 


(61) 


0.7 


1700 


41 


(62) 


0.8 


850 


42 


(65) 


0.4 


1200 


43 


(67) 


0.6 


1700 


44 


(70) 


1.6 


2400 


45 


(72) 


1.2 


1600 


46 


(74) 


0.5 


1200 



Example 47 

40 [0180] On a cleaned glass plate having an ITO electrode, the compound (TPD74) described above was vacuum 
vapor deposited as the hole injecting material and a layer having a thickness of 60 nm was formed. Then, the compound 
(NPD) described later was vapor deposited as the hole transporting material and a layer having a thickness of 20 nm 
was formed. 

[0181] Then, 4,4'-bis(2,2-diphenylvinyl)biphenyI (DPVBi) and Compound (58) described above were simultane- 
45 ousiy vacuum deposited as the light emitting materials and a layer having a content of Compound (58) of 5% by weight 
and a thickness of 40 am was formed. Compound (58) worked also as a fluorescent dopant. Then, the compound (Alq) 
described above was vapor deposited as the election injection material and a layer having a thickness of 20 nm was 
formed. On the formed layer, lithium fluoride was vapor deposited and a layer having a thickness of 0.5 nm was formed. 
Then, aluminum was vapor deposited and a layer having a thickness of 100 nm was formed. Thus, an electrode was 
50 formed and an organic EL device was obtained. The above layers were fomned by vapor deposition under a vacuum of 
10"® Torr while the temperature of the substrate was kept at the room temperature. The organic EL device emitted yel- 
low light with a luminance of emitted light of about 600 (cd/m^) under application of a direct current voltage of 5 V. When 
the organic EL device was driven by a constant electric current at an initial luminance of emitted light of 400 (cd/m^), 
the half life time was as long as 2,800 hours. 

55 

Exarnple48 

[0182] An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 



75 



EP1 061 112 A1 



pie 47 except that the light emitting layer was formed by simultaneously vapor depositing the compound (Alq) described 
above as the light emitt^g material and Compound (61 ) described above as the dopant and a ligh ern,tt.ng layer h«nng 
the content of Compound (61) of 5% by weight was formed. The organic device em«ed red hght v^^^^^ 
of emitted liaht of about 240 (cd/m^) under application of a direct current voltage of 5 V. When the organic EL device 
^r^eXa lonZLeL cu!rent at an initial luminance of emitted light of 400 (cd/m^). the half life time was as 
long as 3,200 hours. 

Comparative Example 5 

[0183] An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 35 except that (Compound of Comparative Example 1 ) described above was used as the light em.ttng mater a . 
roi84] Tte organic EL device exhibited luminance of emitted light of about 60 (cd/m^) and an efficiency of I >ght 
emi Jon of 0.34 (imW) under application of a direct current voltage of 5 V. Sufficient properties could not be obtained. 
The emitted light was blue light. 

Comparative Example 6 

roiSSl An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 37 except that (Compound of Comparative Example 2) described above was used as the light emitting materia . 
rai861 Thfo^anic EL device exhibited a luminance of emitted light of about 200 (cd/m^) and an efficiency of light 
emiss on of 1 2 (MW) under application of a direct current voltage of 5 V. However, when the organic EL device was 
driven by a consia^ectric curent at an initial luminance of emmed light of 400 (cd/m^). the half life time was as short 
as 600 hours. The emitted light was blue light. 

Comparative Example 7 

[0187] An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 47 except that (Compound of Comparative Example 1 ) described above was used in place of Compound (58). 
rai88] ^^e o game EL device exhibited a luminance of emitted light of about 200 (cd/m ) under app -a^on of a 
E current voltage of 5 V. However, when the organic EL device was driven by a constant electru: current at an inrt^l 
fumSancT^f emitted light of 400 (cd/m^ the half Irfe time was as short as 700 hours. The emitted light was blue light. 

Synthesis Example 12 (Compound (75)) 

Synthesis of Compound (75) 

[0189] in a 200 ml three-necked flask, 2.1 6 g (5.5 mmole) of 6.12-dibromonaphthacene (40577.78-4) 0.06 g (0.3 
mmoli) Of Pd(OAc)3. 0.23 g (1 .1 mmole) of P(tBu)3. 151 g (15.7 mmole) of NaOtBu and 1^89 g(1 1 .2 J ^^^N" 

were dissolved in 25 ml of toluene under an argon stream. The resulting mixture was stin-ed under Seating at 1 20 C and 
the reaction was allowed to proceed for 7 hours. After the reaction was completed, the reaction mixture was left stand- 
Z andToted After red crystals were separated by filtration, the crystals ware washed with toluene and water and 
drld in vacuo and 3.02 g of red powder was obtained. The powder was Identified to be ^°Xcna TSs^weras 
urements In accordance with NMR, IR and FD-MS (the yield: 96%). The data obtained in NMR (CDCI3, TMS) «fere as 
follows: 6.8-7.0 (m, 2H), 7.0-7.4 (m. 10H), 7.8-7.9 (m, 1H), 8.0-8. 1(m, 1H) and 8.85 (s. 1H). 

Example 49 . . 

roiSOl on a cleaned glass plate having an ITO electrode. Compound (TPD74) described above was vacuum vapor 
deposited 2 the hole infecting material and a layer having a thickness of 60 nm was formed. Then, the compound 
?NPD) desSbed abc^e v^s vacuum vapor deposited as the hole transporting material and a layer having a thickness 

ll^9V^ Thl°n,"Jhe compound (Alq) described above as the light emitting material , Compound (75) de^ribed 
Lbove as the dopant were simultaneously vapor deposited and a layer having a content of ^onipound (75yof 2/o by 
wekaht and a thickness of 40 nm was formed. Then, the compound (Alq) described above was vapor deposited as the 
Son ?n acting materia, and a layer having a thickness of 20 nm was fomied^ ^""'['T'^JlZ;':^^^^^ 
Ited and a layer having a thickness of 20 nm was fomied. aluminum was vapor deposited and a layer having a «^'°kne«s 
of 1 00 nm was fomied. Thus, an electrode was formed and an organic EL dev«e was prepai^d The above laye j were 
formed by vapor deposition under a vacuum of lO'^ Torr while the temperature of the substrate was kept at the room 
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.temperature. The organic EL device exhibited a luminance of emitted light as high as 500 (cd/m^) under application of 
a direct current voltage of 8 V and the emitted light was orange light. The organic EL device exhibited a luminance of 
emitted light as high as 500 (cd/m^) under application of a direct current voltage of 8 V and the emitted light was orange 
light. When the organic EL device was driven by a constant electric current at an initial luminance of emitted light of 500 
(cd/m^), the organic EL device had a particularly long half life time, which was longer than 2,000 hours. 

Example 50 

[0192] An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 49 except that Compound (86) described above was used as the dopant in place of Compound (75). When the 
organic EL device was driven by a constant electric cun'ent at an initial luminance of emitted light of 500 (cd/m^), the 
organic EL device had a half life time as long as 2,000 hours. The emitted light was vermilion light. 

Example 51 . . . 

[0193] An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 49 except that Compound (82) described above was used as the dopant in place of Compound (75). The organic 
EL device exhibited an initial luminance of emitted light of 500 (cd/m^) and the organic EL device had a hail life time as 
long as 2,800 hours or longer when the organic EL device was driven by a constant electric current. The emitted light 
was red light. 

Synthesis Example 13 (Compound (100)) 

Synthesis of Intermediate Compound H 

[0194] In a 1 liter three-necl<ed flasl< equipped with a condenser, 22.7 g (0.1 mole) of 4-bromophthalic anhydride 
and 42,4 g (0.4 mole) of sodium carbonate were suspended in 300 ml of water and the components were dissolved by 
heating at SO^'C under an argon stream. After the mixture was dissolved, the resulting mixture was cooled to the room 
temperature To the cooled mixture, 18.3 g (0.15 mole) of phenylboric acid and 0.7 g (3% by mole) of palladium acetate 
were added and the obtained mixture was stirred at the room temperature for one night After the reaction was com- 
pleted, separated crystals were dissolved by adding water. After the catalyst was removed by filtration, crystals were 
precipitated by adding concentrated hydrochloric acid. The crystals were separated by filtration and washed with water. 
The obtained crystals was dissolved in ethyl acetate and the organic layer was extracted. The extract was dried with 
magnesium sulfate and concentrated In vacuo using a rotary evaporator and 23.7 g (the yield: 98%) of Intermediate 
Compound H of the object connpound was obtained. 

Synthesis of intemnediate Compound I 

[0195] - .In a 500 ml flask having an egg plant shape and equipped with a condenser, 23.7 g (98 mmole) of Interme- 
diate Compound H and 200 ml of acetic anhydride were placed and the resulting mixture was stirred at 80°C for 3 hours. 
After the reaction was completed, acetic anhydride in an excess amount was removed by distillation and 22 g (the yield: 
10%) of Intermediate Compound I of the object compound was obtained. 

. Synthesis of Intermediate Compound J 

' [0196] In a 500 ml three-necked flask equipped with a condenser, 7.7 g (50 mmole) of biphenyl, 13.4 g (0.1 mole) 
: of anhydrous aluminum chloride and 200 ml of 1 ,2-dichloroethane were placed under ari argon stream and the resulting 
mixture was cooled to 0°C. To the cooled mixture, 22 g (98 mmole) of Intermediate Compound I was slowly added and 
the resulting mixture was stirred at 40^C for 2 hours. After the reaction was completed, ice water was added to the reac- 
tion mixture and the resulting mixture was extracted with chloroform. The extract was dried with magnesium sulfate and 
concentrated in vacuo, using a rotary evaporator and 1 9.0 g (the yield: 1 00%) of Intermediate Compound J of the object 
compound was obtained. 

Synthesis of Intermediate Compound K ; \ . , : 

[0197] "In a 500 ml flask having an egg plant shape and equipped with a condenser, 200 ml of polyphosphoric acid 
was placed and heated to 1 50**C. Then, 1 9 g (50 mmole) of intermediate Compound J was added in snriall portions and 
the resulting mixture was stirred at the same temperature for 3 hours. After the reaction was completed, ice water was 
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added toth. reaction mixture and the resulting mixture was extracted ohlor^r- The e^^^^^ 
nesium sulfate and concentrated in vacuo using a rotary evaporator. The ^^f^^^^^ 
accordance with the column chromatography (silica gel, chloroform/methanol=99/1) and 1 9 g (the yield. 5& /bj ot inier 
mediate Compound K of the object compound was obtained. 

Synthesis of Intenmedlate Compound L . 

rmqai In a 500 ml flask' having an egg plant shape and equipped with a condenser. 1 9.0 g (28 mmole) of Interme- 
Lmnound K 0 19 g (1 mmole) of ffn chloride. 100 ml of acetic acid and 50 ml of concentrated hydrochloric acd 

s;Spir;:nir^^^^^ 

was completed, the reaction mixture was cooled with ice water and precipitated crystals were separateo. wasnea w. 
watertogive 19 g (the yield: 100%) of Intermediate Compound L of the object compound. 

iSynthesis of Intemnediate Compound M 

r0199l In a 500 ml three-necked flask equipped with a condenser, 19.0 g (28 mmole) of Intermediate Compound L 
6 a (60 mile) Of Wphenylphosphine and 200 ml of dimethylfomiamide were placed under an argon strear^ To th^ 
wL^^dL^ 9 6 n So mmole of iodine dissolved in 50 ml of dlmethylformamide slowly drcpwise and the resulting rr^ix- 
iid uSerheil S for 8 hours. Afterthe reaction was completed, the reaction mixture was cooled 
S rw1;2 and"'p%rid crystals were separated. The obtained crystals were washed with water and methane, 
and 6.7 g (the yield: 50%) of Intermediate Compound M of the object compound was obtained. 

Synthesis of Compound (100) 

I0201] '^-^LVreSstrSures of Intermediate Compounds and. the route of synthesis of Compound (100) .te 
shown in the following. 



10 



15 



20 



35 



40 



45 



50 



55 



78 



1 

i EP 1 061 112 A1 




55 . 



79 



EP1 061 112 A1 



15 



20 



Synthesis Example 14 (Compound (101)) \ ' , ,\ 

Synthesis of Intermediate Compound N 

5 [0202] . in a 500 ml flask having an egg plant shape and equipped wtth a condenser 12 g (50^m^^^ 

Hr^vinthraauinone 42 5 q (0 3 mole) of methyl iodide, 1 7 g (0.3 mole) of potassium hydrox.de and 200 ml of d.meth- 
JS?e we rpTaoS und^^^^^^^ stream and the resulting mixture was stirred at the room terrjperature for 2 

Lri?er the Son wi com^ precipitated crystals were separated by filtration. The obtained cnrstals were 
washed SSo rnSZ^^^^^ and 10 (tli yield: BO^/o) of Intermediate Compound N of the object compound was 

10 obtained. " . 

Synthesis of Intermediate Compound O - . ~ . ■ 

ro2031 in a 500 ml three^necked flask equipped with a condenser, 10.7 g (40 mmole) of Intemnediate Compound N 
and 200 m of drS teTraMrofuran were placed under an argon stream and the resulting mixture was cooled to -40»C 
T he cold mSiurl. 53 ml (80 mmole) of a 1 .5 M hexane solution of 9^-^^^''^^'--^^;^^^^ 
the addition was completed, the reaction mixture was stirred at the room temperature for one night. Aft^^ ^^^^ 
S^L coSeterprSnated crys^^ were separated by filtration and washed with 100 ml of methanol and 100 ml of . 
rc^tonTT^e obSned ^ of a diol was used in the following reaction without further punfication 

lo20^ in a So ml flask having an egg plant shape and equipped with a condenser, the -ru for^J^^s ob^a ned 
above 1 00 ml of a 57% aqueous solution of hydrogen iodide and 200 ml of acetic acid were placed and *e result ng 
miZe wL hea ed un^^ for 3 hou-B. After the reaction was cooled to the room temperature, a small amount 

S hypiTospho ous'S was added to quench hydrogen iodide in an -cess amount. Pr^ipitated crys^^^^^^ sep- 
aralS Jy f iltition and washed with 1 00 ml of water, 1 00 ml of methanol and 1 00 ml of acetone, success.vely. and 1 0.1 
S5 g (the yield: 70%) of Intermediate Compound O of the object compound was obtained. 

Synthesis of Intemiediate Compound P 

r02051 in a 500 ml flask having an egg plant shape and equipped with a condenser; 10.1 g (28 mmole) of Interme- 
diS Lmoound O 7 9 g (30 mmole) of triphenylphosphine and 200 ml of dimethylformamide were placed under an 
«mon^Sm To the result ng mixture 4.8 g (30 mmole) of bromine dissolved in 50 ml of dimethylfom.am,de was slowly 
Sd dSse and SSnelixture wL stirred under heating at 200»C for 8 t^--' After the react,onwa^^ com- 
oleted theTacS^an mixture was cooled with ice water and precipitated crystals were separated by ft-^^"- ^J^. 
Se^^S wLrTw^hed with water and methanol and 8.2 g (the yield: 60%) of Ihterrnediate Compound P of the 
35 object compound was obtained, 

Synthesis of Compound (101) 

[02061 In a 200 ml three-necked flask equipped with a condenser, 4.9 g (30 '^'"^^^^^^^ 
^ I d f30 mmole) of diphenylamine, 0.14 g (1.5% by mole) of tris(dibenzy!ideneacetone)-d.palladium. 0.91 g (3/o by 
mole) of trTo^toSylJsphin? ^9 g (30 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed under an 
Traoi stream re rSumng r^W was stirred overnight under heating at 1,00»C. After the react.on was connpleted. 
SiSed'r^^^^^^^^^ by filtration and washed with 100 ml of methanol and 4.0 g of ye"ow powder w^ 

obSed The^obSLd powd'er was identified to be Compound (101) by the measurements ,n accordance wrth NMR, 

shown In the following. 
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Synthesis Example 15 (Compound (93)) 
Synthesis of Intermediate Compound Q 

[0208] In a 300 ml three-necked flask equipped with a condenser, 11 .7 g (50 mmole) of 2-bromobiphenyl, 1 9 g (0.i2 
mole) of aniline, 0.69 g (1.5% by mole) of tris(diben2ylideneacetone)dipalladium, 0.46 g (3% by mole) of tri-o-toluyl- 
phosphine, 7.2 g (75 mmole) of sodium t-butoxide and 100 ml of dry toluene were placed under an argon stream. The 
resulting mixture was stirred overnight under heating at 100°C. After the reaction was completed, precipitated crystals 
were separated by filtration and washed with 100 ml of methanol. The obtained crude crystals were recrystallized from 
50 ml of ethyl acetate and. 9.8 g (the yield: 80%) of Intermediate Compound Q of the object compound was obtained. 

Synthesis of Compound (93) 

V[0209] In a 200 ml three-necked flask equipped with a condenser, 2.4 g (1 0 mmole) of 9,1 0-dibrcmoanthracene, 7.4 
g (30 mmole) of Intermediate Compound Q, 0.14 g (1.5% by mole) of tris(dibenzylideneacetone)dipalladium, 0,91 g 
(3% by mole) of tri-o-toluylphosphine, 2.9 g (30 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed 
under an argon stream. The resulting mixture was stirred overnight under heating at 1 00°C. After the reaction was com- 
pleted, precipitated crystals were separated by filtration and washed with 1 00 ml of methanol and 4.3 g of yellow powder 
was obtained. The obtained powder was identified to be Compound (93) by the measurements in accordance with 
NMR. IR and FD-MS (the yield: 65%). 

[0210] The chemical structure of Intermediate Compound and the route of synthesis of Compound (93) are shown 
in the following. 
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Synthesis Example 16 (Compound (95)) 
Synthesis of Intermediate Compound R 



[0211] In a 1 liter three-necked flask equipped with a condenser. 34 g (0.2 mole) of 3-phenylphenol 58 g 0 22 
rnmole) of triphenylpHosphine and 300 ml of dimethylformamide were placed under an argon stream^ To the result ng 

30 mUture 35 T(0.22 rnmole) of bromine dissolved in 100 ml of dimethylfomnamide was slowly added d-pw^se and the 
oWamed mixture was stirred at 200»C for 8 hours. After the reaction was completed, the reaction mixture was cooled 

. ShTce wa^an^^^^^^^^ crystals were separated by filtration. The obtained crystals wer« yj^shed w,th water and 
; methanol and 37 g (the yield: 80%) of Intermediate Compound R of the object compound was obtained. 

35 Synthesis of Intermediate Cornpouhd S 

. [0212] In a 300 ml three-necked flask equipped with a condenser. 19 g (0.2 rnmole) of ^^^l' ^-^^.^^^^^^l 
rnole) of tris(dibenzylideneacetone)dipalladium, 0.46 g (3% by mole) of tri-o-toluylphosphine. 7.2 g (75 rnmole) of 
. ^dl LSlde and 100 m, of dry toluene were placed under an argon stream. ^^^^^^^l^^^^^^^^^ 
AO night under heating at 100°C. After the reaction was completed, precipitated crystals were separated by f ^r^tion and 
Shed «?rth 100 rnl of methanol. The obtained crude crystals were recystallized from 50 ml of ethyl acetate and 9.8 g 
(the yield: 80%) of Intermediate Compounds of the object compound was obtained. ... 
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Synthesis of Compound (95) : . _ 

[0213] In a 2d0 ml three-necked flask equipped with a condense, 2.4 g (1 0 rnmole) of 9.1 0;'^'''^";^^"^^^^^^ 
a (30 mmole) of Intermediate Compound S. 0.14 g (1.5% by mole) of tris(dibenzylidene-acetone)d.palladium. 0 91 g 
fsirb^mole o roToluylphosphine. 2.9 g (30 mmole) of sodium t-butoxlde and 50 ml of dry toluene were placed 
under an arqon stream The resulting mixture was stirred overnight under heating at 1 00<>C. After the reaction was com- 
pSSd prSt^^d cn^stals were separated by filtration and washed Wrth 1 00 ml of methanol and 4.2 g of yellow powder 
wS o£S The Obtained powdei was Identified to be Compound (95) by the measurements in accordance with 

S''^'"4'°chfmS£^^ and the route of synthesis of Compound (95) a. 

shown in the following. ■; ; 
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Synthesis Example 17 (Compound (104)) 
Synthesis of Intemnediate Compound T 

[0215] In a 300 ml three-necked flasl< equipped with a condenser, 23 g (0.1 mole) of 4-bromobiphenyl, 9.8 g (50 
mmole) of aminostllbene. 0.69 g (1.5% by mole) of tris{dibenzyiideneacetone)dipalladium, 0.46 g (3% by nnole) of tri-o- 
toluylphosphine, 7.2 g (75 mmole) of sodium t-butoxide and 1 00 m! of dry toluene were placed under an argon stream. 
The resulting mixture was stirred overnight under heating at lOO^C. After the reaction was completed, precipitated crys- 
tals were separated by filtration and washed with 1 00 ml of methanol/The obtained crude crystals were recrystallized 
from 50 ml of ethyl acetate and 13.9 g (the yield: 80%) of Intermediate Compound T of the object compound was 
obtained. 

Synthesis of Compound (104) 

[0216] Into a 200 ml three-necked flask equipped with a condenser, 2.4 g (1 0 mmole) of 9,1 0-dibromoanthracene, 
7.4 g (30 mmole) of Intermediate Compound T, 0.14 g (1 .5% by mole) of tris(dibenzylideneacetone)dipalladium, 0.91 g 
(3% by mole) of tri-o-toluylphosphine. 2.9 g (30 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed 
under an argon stream. The resulting mixture was stirred overnight under heating at 1 00°C. After the reaction was com- 
pleted, precipitated crystals we're separated by nitration and washed with 100 ml of methanol and 4.5 g of yellow pow- 
der was obtained. The obtained powder was identified to be Compound (1 04) by the measurements in accordance with 
.NMR, IR and FD-MS (the yield: 70%). 

[0217] The chemical structure of Intermediate Compound and the route of synthesis of Compound (1 04) are shown 
in the following. . 
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SB Synthests Example 18 (Compound (105)) ... > 

. Synthesfs of Intermediate Compound U 

r02181 in a 500 ml three-necked flask equipped with acondenser, 25 g (6.1 mole) of triphenylamine 1 8 g (0. 1 mole^ 
30 S N bromo^Uodmide 0 82 g (5% by mole) of 2,2--azobisisobutyronitnle and 200 ml of dlmethylformamKle were placed 
Tnl^an 2 eJm^^ T^^^ ^suiting milre was stirred under heating at110"C for 4 hours. After the reaction was 
cSp eted Tr^SurE; w^^^^^ removed by filtration and the filtrate was concent^ted in vacuo using a rotary evaporator. 
ThrobS ned Sc^^^^^^ were purged in accordance with the columri chromatography (silica gel. methylene chlo- 
ride) and 19 g (the yield: 60%) of intemiediate Compound U of the object compound was obtained.. ^ 

35 . , . ; - , . ' . ■ . •' 

Synthesis of Intermediate Compound V 

r021 91 In a 1 Itter three-necked flask equipped with a condenser, 1 .6 g (66 mmole) of magnesium, a small pieoe 
Sand 00 m of tetrahydrofuran were placed under an argon stream, After the ^^^^^ 

foom tem^ elTi for 30 lutes. 1 9 g (60 mole) of Intermediate Compound U dissolved In 300 ^^^f f ; 
was add^ dropwise. After the addition was completed, the reaction mixture was st-med^e^healm^ 1 
hour and a Grignard reagent was prepared. , ,-o wiu«srr,nh<.n-7<.n« 9 i 

[0220] In a 1 liter three-necked flask equipped with a condense, 42 g (0.18 

5% by mole) of dichlorobis(triphenylphosphine)palladium, 6 ml (6 mmole) of a 1 M toluene solution of d isobutylalum,- 
num hySand-200 ml of tetrahydrofuran were placed under an argon stream. To the ^'^-^^^'^^^^ 
oredared above was added dropwise and the obtained mixture was stirred under heating for one mght Af^er the reac- 
t^n'^s cfon^Jet^d the reaction liquid was cooled wtth ice water. Precipitated crystals were ^^^^'^'f^^^^^;:^-'' 
... : wasfTed with acetone and 14 g (the yield: 60%) of Intemiediate Compound V of the object compound was obtained. 

50 Synthesis of Compound (1 05) 

■ ■ : 102211 m a 500 ml three-necked flask equipped with a condenser, 0.8 g (33 mmole) of "^^S"^^'"'"- P'^^ 
" of iodine and 50 ml of tetrahydrofuran were placed under an argon stream. Afterthe resulting mixture was^st^red at the 

rol temperature tor 30 mln'utes, 12 g (30 mmole) of intem^edlate Compound V dissolved -J°° -^^f ^^.tg^^^^^^ 
55 was added dropwise. After the addition was completed, the reaction mixture was stirred under heating at 60. C for 1 

■ !5% by mole) of dichlorobis(triphenylphosphin6)palladium. 0.46g (3% by mole) of tri.o-toluylphosphine.1;ml(1 mmole) 
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of a 1 M toluene solution of diisobutylaluminum hydride and 100 ml of tetrahydrofuran were placed under an argon 
stream. To the obtained mixture, the Grignard reagent prepared above was added dropwise at the room temperature 
and the resulting mixture was refluxed overnight. After the reaction was completed, the reaction liquid was cooled with 
ice water. Precipitated crystals were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, 
successively, and 4.1 g of yellow powder was obtained. The obtained powder was identified to be Compound (105) by 
the measurements in accordance with NMf=l, IR and FD-MS (the yield: 50%). 

[0223] The chemical structures of Intemriediate Compounds and the route of synthesis of Compound (105) are 
shown in the following. 
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Synthesis Example 19 (Compound (122)) 
Synthesis of Intermediate Compound W 



[0224] In a 300 ml three-necked flask equipped with a condenser, 19 g (80 mmole) of 1 ,3-dibromobenzene, 6.5 g 
(20 mmole) of diphenylamine, 0.27 g (1 .5% by mole) of tris(dibenzylideneacetone)dipalladium, 0.1 8 g (3% by mole) of 
40 tri-o-toluylphosphine, 2.9 g (30 mmole) of sodium t-butoxide and 100 ml of dry toluene were placed under an argon 
stream. The resulting mixture was stirred overnight under heating at 100°C. After the reaction was completed, precipi- 
tated crystals were separated by filtration and washed with 100 ml of methanol. The obtained crude crystals were 
recrystallized from 50 ml of ethyl acetate and 4.9 g (the yield: 75%) of Intemnedlate Compound W of the object com- 
pound was obtained. 



Synthesis of Compound (122) 



[0225] In a 300 ml three-necked flask equipped with a condenser, 0.5 g (20 mmole) of magnesium, a small piece 
of iodine and 50 ml of tetrahydrofuran were placed under'an argon stream. After the resulting mixture was stirred at the 
50 room temperature for 30 minutes, 4.9 g (15 mmole) of Intermediate Compound W dissolved in 100 ml of tetrahydrofuran 
was added dropwise. After the addition was completed, the reaction mixture was stirred under heating at SO^'C for 1 
hour and a Grignard reagent was prepared. 

[0226] In a 500 ml three-necked flask equipped with a condenser, 1 .7 g (5 mmole) of 9, 1 0-dibromoanthracene, 0.2 
g (5% by mole) of dichlorobis(triphenylphosphine)palladium, 0.5 ml (0.5 mmole) of a 1 M toluene solution of dlisobuty- 
55 laluminum hydride and 1 00 ml of tetrahydrofuran were placed under an argon stream. To the mixture, the Grignard rea- 
^gent prepared above was added dropwise at the room temperature and the resulting mixture was stirred overnight 
under heating. After the reaction was completed, the reaction liquid was cooled with ice water. Precipitated crystals 
were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, successively, and 1 .7 g of yellow 
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- powder was obtained. The obtained powder was identified to be Compound (122) by the measurements In accordance 
with NIWR, IR and FD-MS (the yield: 50%). • 
(0227] The chemical structure of Intermediate Compound and the route of synthesis of Compound (1 22) are shown 

. in the following. 

PhiNH „ DMg 

Br Br 



to ' . ■ PdCdba) 2) CD 

. NaOtBu PhMe <^ Br-O-Br 




Ck>mpo\md (122) 



25 



: Synthesis Exanriple 20 (Compound (123)) 
30 Synthesis of Intermediate Compound X 

r02281 In 3 300 mi three-necked flask equipped with a condenser, 16 g (0.1 mole) of bromobenzene,^9 8 g (50 
mmole) of aminostilbene. 0.69 g (1.5% by mole) of trls(dibenzylideneacetone)dipalladium, 0.46 g (3% by mole) of tri-o- 
. toluylphosphine, 7.2 g (75 mmole) of sodium t-butoxide and 100 ml of dry toluene were placed under an argon stream. 
■35 TheVesultIng mixture was stirred overnight under heating at 100»C. After the reaction was completed. PJf^P^^lf^!^^. 

tals were separated by filtration and washed with 100 ml of methanol. The obtained crude crystate w^ere reciystallized 
■ , from 50 ml of ethyl acetate and 11 g (the yield: 80%) of Intermediate Compound X of the object compound was 
.-obtained..' ' , . '■ 

: 40 Synthesis of Intermediate Compound Y 

' ' [0229] in a 500 ml three^hecked flask equipped with a condenser; 38 g (0.18 mole) of bromobenzene, 1 1 g (40 

■- mmole) ^ Intermediate Compound X, 0.55 g (1.5% by mole) of tris(dibenzylideneacetone)-dipalladium 0.37.g (3/o by 

• ■ mole) of tri-o-toluylphosphine, 5.8 g (60 mmole) of sodium t-butoxide and 300 mi of dry toluene were placed under an 

45 argon stream. The resulting mixture was stirred overnight under heating at 120°C. After the reactton was completed. 

- DreciDitated brvstals were separated by filtration and washed with 1 00 ml of methanol. The obtained crude crystals were 

■ : recrystallized from 50 ml of ethyl acetate and 13 g (the yield: 75%) of Intermediate Compound Y of the object compound 
"■; was obtained. ■ ■' ' 

,, ,50 Synthesis of Cornpound (123) 

r023dl in a 300 ml three-necked flask equipped with a condenser. 0.97 g (40 mmole) of magnesium, a small piece 
■• . ■ - of iodine.and 50 ml of tetrahydrofuran were placed under an argon stream. After the resuming mixture was stirred at the 

room temperature for 30 minutes, 12 g (30 mole) of Intemiediate Compound Y dissolved in 100 ml of tet^Mrofur^" 
,65 .. was kdded dropWise. After the addition was completed, the reaction mixture was stirred under heating at 60 C for 1 

hour and a Griqnard reagent was prepared. . ..... 

'■ . - [02311 ■ In a.506 ml three^necked flask equipped with a condenser. 3.4 g (10 mmole) of 9.10-d.bromoanttiracene 0.4 
. - .' r g (5% b/^^^^ M toluene solution of diisobutylaiu- 
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mlnum hydride and 100 ml of tetrahydrofuran were placed under an argon stream. To the obtained mixture, the Grig- 
nard reagent prepared above was added dropwise at the room temperature and the resulting mixture was refluxed 
overnight After the reaction was completed, the reaction liquid was cooled with ice water. Precipitated crystals were 
separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, successively, and 5.4 g of yellow pow- 
der was obtained. The obtained powder was identified to be Compound (1 23) by the measurements In accordance with 
NMR, IR and FD-MS (the yield: 50%). 

[0232] The chemical structures of Intemnediate Compounds and the route of synthesis of Compound (123) are 
shown in the following. 
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Synthesis Example 21 (Compound (124)) 

Synthesis of Compound (124) 

35 . - : ■ 

[0233] In a 500 ml three-necked flask equipped with a condenser, 2.5 g (5 mmole) of 1 0,1 d'-dibromo-9.9'-bianthryl, 
0.2 g (5% by mole) of dichlorobis(triphenylphosphine)palladium, 0.5 ml (0.5 mmole) of a 1 M toluene solution of 
diisobutylaluminum hydride and 100 ml of tetrahydrofuran were placed under an argon stream. To the mixture, the Grig- 
- "nard reagent prepared in Synthesis Example 1 9 was added dropwise at the room temperature and the resulting mixture 
40 was refluxed overnight. After the reaction was completed, the reaction liquid was cooled with ice water. Precipitated 
crystals were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, successively, and 2.0 g 
• of yellow powder was obtained. The obtained powder was identified to be Compound (124) by the measurements in 
; '^accordance with NMR, IR and FD-MS (the yield: 60%). 

[0234] . The route of synthesis of Compound (124) Is shown in the following. 
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; Synthesis ExamiJle 22 (Compound (125)) : 
20 Synthesis of Compound (1 25) 

■ [0235] In 'a SOOmlthree-neckedflask equipped with a condenser, 1.9 g (5 mmole) of 6,12-dibromochrysene, 0.2 g 
(5% by mole) of dichlorobis(triphenyIphosphine)palladium, 0.5 ml (0.5 mmole) of a 1 M toluene solution of diisobutyla- 
luminum hydride dnd 1 00 ml of tetrahydrofuran were placed under an argon stream. To the mixture, the Grignard rea- 

25 gent prepared in Synthesis Example 19 was added dropwise at the room temperature and the resulting mixture was 
stirred under heating overnight After the reaction was completed, the reaction liquid was cooled with ice water. Precip- 

■ ■ itated crystals were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, successively, and 
; 2.1 g of yellow powder was obtained. The obtained powder was identified to be Compound (125) by the measurements 

. in accordance with NMR, IR and FD-MS (the yield: 60%). 
30 [0236] The route of synthesis of Compound (125) is shown in the following. 
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Synthesis Example 23 (Compound (126)) 

Synthesis of Compound (126) ;/ r ^ .--: i^rii^c^ -: 

[0237] In a 500 ml three-necked flask equipped with a condenser. 1 .9 g (5 mmole) of 5, 12-dibromonaphthacene, 
02 g (5% by mole) of dichlorobis(tripbenylphosphine)palladium, 0.5ml (0.5 mmole) of a 1 M toluene solution of 
diisobutylalumlnum hydride and 100 ml of tetrahydrofuran were placed under an argon stream. To the mixture, the Grig- 
nard reagent prepared in Synthesis Example 1 Si was added dropwise at the room temperature and the resulting mixture 
was stirred under beating overnight. After the reaction was completed, the reaction liquid was cooled with ice water. 
Precipitated crystals were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, succes- 
sively, and 2.1 g of yellow powder was obtained. The obtained powder was identified to be Compound (126) by the 
measurements in accordance with N MB, IR and FD-MS (the yield: 60%). :*\ ; 
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[0238] The route of synthesis of Compound (1 26) is shown in the following. 
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Example 52 

20 [0239] On a glass substrate having a size of 25 mm x 75 mm x 1 .1 mm, a transparent ariode of a film of indium tin 
oxide having a thickness of 100 nm was formed and cleaned for 10 minutes by using ultraviolet light and ozone in com- 
bination. ' ■ ' 
[0240] This glass substrate was placed into an apparatus for vacuum vapor deposition (manufactured by NIPPON 
SHINKUU GIJUTU Co., Ltd.) and the pressure was reduced to about 10"^ Pa. TPD74 described above was vapor 

25 deposited at a speed of 0.2 nnn/second and a layer having a thickness of 60 nm was formed. Then, TPD78 having the 
structure shown below was vapor deposited at a speed of 0.2 nm/second and a layer having a thickness of 20 nm was 
. formed. 

[0241] On the layer formed above, DPVDPAN having the structure shown below and Compound (100) described 
above as the light emitting material were simultaneously vapor deposited and a light emitting layer having a thickness 
30 of 40 nm was formed. The speed of vapor deposition of DPVDPAN was 0.4 nm/second and the speed of vapor deposi- 
tion of Compound (100) was 0.01 nm/second. On the layer formed above, Alq described above was vapor deposited at 
.a speed of 0.2 nm/second. Finally, aluminum and lithium were vapor deposited simultaneously and a cathode having a 
thickness of 1 50 nm was formed. Thus, an organic EL device was obtained. The speed of vapor deposition of aluminum 
was 1 nm/second and the speed of vapor deposition of lithium was 0.004 nm/second. 

'35 ' . • ■ . . 



50 




[0242] The properties of the obtained organic EL device were evaluated. Luminance of emitted light at the voltage 
shown in Table 4 was measured and the efficiency of light emission was calculated. The color of emitted light was 
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nhserved The oraanic EL device was driven by a constant electric current under a nitrogen stream at an initial lurni- 
nancrof ei^^d l^ofsoo^^^^^^^ and the half iife «me which was the tir.e before the luminance decreases to 250 
(cd/m2) was measured. The results are Shown in Table 4. 



5 Examples 53 to 62 ; 

rnpasi Oraanic EL devices were prepared In accordance with the same procedures as those conducted in Exanriple 
&pt tSt^co^^^^^^^^^ showS In'Table 4 were used as the light emitting material in place of Compound (100) 
and the properties were evaluated. The results are shown in Table 4. . 
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Comparative Example 8 . 

rnoA^i An ornanic EL devices was prepared in accordance with the same procedures as those conducted in Exam- 
JleS^xcep^hS t^ dial:" ^^'ow was used as the light emitting materia, in place of Compound 

(100) and the properties were evaluated. The results are shown in Table 4. 
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Example 



52. 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 



Table 4 



Comparative 
ExamjDle . 



a 



Voltage (V) 



.6.0 

6.0 

6.0 

6.0 

7.0 

6.0 

6.6 

5.5 

5.5 

5.5 

5.0 



6.0 



Luminance of 
emitted light 
(cd/m^) 



120 

240 

130 

210 

230 

120 

180 

220 

420 

180 

240 



150 



Efficiency of light 
emission (Inn/W) 



4.50 

3.90 

4.60 

4.90 

4.00 

2.90 

3.40 

4.62 

3.10 

4.25 

4.90 



3.70 



Half life time 
(hour) 



1800 

2000 

1700 

2500 

1500 

2100 

1800 

1700 

2200 

3100 

3200 



1200 



Color of emitted 
light 



green 
bluish green 
green 
green 
yellowish green 
blue 
bluishgreen 

- blue 
bluish green 

blue 
bluish green 



green 



[0245] V As shown 



in Table 4. the organic EL devices of Examples 52 to 62 in which the compounds represented by 
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general formulae [9] and [10] of the present Invention were used as the light emitting material or the hole transporting 
material exhibited more excellent luminance of emitted light and efficiencies of light emission and longer lives in com- 
parison with the organic EL device of Comparative Example 8 in which the diamine compound was used. 

5 . Synthesis Example 24 (Compound a) 

Synthesis of Intermediate Compound A 

[0246] In a 500 ml three-necked flask, 50 g (0.27 mole) of p-bromobenzaldehyde, 50 g (0.22 mmole) of diethyl ben- 
10 zylphosphonate and 200 ml of dimethylsulfoxide were placed under an argon stream. To this was added 30 g (0.27 

mole) of potassium t-butoxide in small portions. The resulting mixture was stirred overnight at the room temperature. 

After the reaction was completed, the reaction liquid was poured into 500 ml of water and extracted with ethyl acetate. 

The extract was dried with magnesium sulfate and concentrated in vacuo using a rotary evaporator. The obtained crude 

crystals were recrystaliized from 100 ml of ethyl acetate and 46 g (the yield: 81%) of Intermediate Compound A was 
15 obtained. 

Synthesis of Intermediate Compound B 

• ■ [0247] Into a 300 ml three-necked flask equipped with a condenser, 1 0 g (38 mmole) of Intermediate Compound A, 
20. 14 g (150 mmole) of aniline, 0.53 g (1 .5% by mole) of tris(diben2ylldeneacetone)dipalladium, 0.35 g (3% by mole) of tri- 
o-toluylphosphine, 7.4 g (77 mole) of sodium t-butoxide and 1 00 ml of dry toluene were placed under an argon stream. 
The resulting mixture was stirred overnight under heating at 1 00^'C. After the reaction was completed, precipitated crys- 
tals were separated by filtration and washed with 1 00 ml of methanol. The obtained crude crystals were recrystaliized 
from 50 ml of ethyl acetate and 7.7 g (the yield: 73%) of Intermediate Compound B was obtained. 

Synthesis of Intermediate Compound C 

[0248] In a 100 ml flask having an egg plant shape and equipped with a condenser, 12.5 g (50 mmole) of 4-bro- 
mobenzyl bromide and 12.5 (75 mmole) of triethyl phosphite were placed. The resulting mixture was stirred under heat- 
' 30 ing at 100°C for 7 hours. After the reaction was completed, triethyl phosphite in an excess amount was removed by 
distillation in vacuo and 15.4 g of Intermediate Compound C was obtained. Intermediate Compound C was used In the 
following reaction without further purification. 



: Synthesis of Intemnediate Compound D 

35 

[0249] . In a 300 ml three-necked flask. 9.2 g (50 mmole) Of p-bromobenzaldehyde, 15.4 g (50 mmole) of Intermedi- 
. ate Compound C and. 100 ml of dimethylsulfoxide were placed under an argon stream. To this was added 6.7 g (60 
mmole) of potassium t-butoxide in small portions and the resulting mixture was stirred overnight at the room tempera- 
ture. After the reaction was completed, the reaction liquid was poured into 200 ml of water and extracted with ethyl ace- 
40 tate. The extract was dried with magnesium sulfate and concentrated in vacuo using a rotary evaporator. The obtained 
. crystals were washed with 100 ml of methanol and 13 g (the yield: 77%) of Intermediate compound D was obtained. 

• Synthesis of Compound a 

45 [0250] In a 200 ml three-necked flask equipped with a condenser, 4 g (15 mmole) of Intermediate Compound B, 2 
, g (6 mmole) of Intermediate Compound D, 0.16 g (3% by mole) of trls(dibenzylideneacetone)dipalladium, 0.22 g (6% 
by mole) of (S)-BINAP, 1.4 g (15 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed under an argon 
. / stream. The resulting mixture was stirred overnight under heating at 100°C. After the reaction was completed, precipi- 
- tated crystals were separated by filtration, washed with methanol and dried by heating at eO'^C for one night. The 
' 50 obtained crude crystals were purified in accordance with the column chromatography (silica gel, hexane/toluene=8/2) 
and 1 .4 g of yellow powder was obtained. The obtained powder was identified to be Compound a by the measurements 
In accordance with NMR, IR and FD-MS (the field desorption mass spectroscopy) (the yield: 32%, in ^H^mr (90 Hz): 6 
. 7.0-7.4 ppm (42H,m)). The NMR chart of Compound a is shown in Figure 1. 

[0251] The chemical reactions to obtain Compound a are shown in the following: 
55 ' . 
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^ Br-Q-CHO 



PKKHt 



^ Pd,(dba), BIHAP 



NaOtDu PhMa g 



70 6i 



-Ov °K>w. JI^I!! -o-^^ 

£ tBuOK ^_/^ 



NaOiBuPhMs 



Compoxmd a 



: Synthesis Example 25 (Compound b) 
Synthesis of Intermediate Compound E 



[02521 In a 300 ml three-necked flask. 6 g (50 mmole) of p-tolualdehyde. 1 5.4 g (50 mmole) of Intermediate Com- 
pound C and 1 00 ml of dimethylsulfoxide were placed under an argon stream. To this was added 6.7 g (fO "^"1°'^ °J 
poSsium t-butoxide in small portions and the resulting mixture was stin-ed overnight at the ^i^P^J"^^^^^^^^ 
reaction was completed, the reaction liquid was poured into 200 ml of water and extracted with ethyl acetate. The 
- SS wl dried with magnesium sulfate and concentrated in vacuo using a rotary evapo^tor. The oWa.ned c^rstals 
. , were washed with 1 00 ml of methanol and 9.2 g (the yield: 67%) of Intemiediate Compound E was obtained. 

40 Synthesis of. Compouhd b . 

[02531 In a 200 ml three-necked flask equipped with a condenser, 4 g (15 mmole) of Intemnediate Compound E. 2 
a (6 mmole) of N N'-diphenylbenzidine, 0.1 6 g (3% by mole) of tris(diben2ylideneacetone)-dipalladium, 0.22 g (6/o by 
■ mKivB NAR 1 .4 g (1 5 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed under an argon stream. 

2s'wSarL?ed by filtration, washed with methanol and dried by heating at 60oc for one -ght.JJe obtjned crude 
crystals were purified in accordance with the.column chromatography (silica gel. hexaneAoluene=8/2) and 2^9 of yel- 
low powder was obtained. The obtained powder was Identified to be Compound b by the measurements ac^°^dance 
wtth NMR. IR and FD-MS (the yield: 58%, in ^Hnmr (90 Hz): 57.0-7.4 ppm (40H. m). 8 2.34 ppm (6H,s)). The NMR 
50 chartof Compound b is shown in Figure 2. r-o ■ 

[0254] The chemical reactions to obtain Connpound b are shown in the following: 
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^ £ Pd.(db.). BINAP 



NaOtBu PhMa 



CSompound b 



20 Synthesis Example 26 (Compound cj 
Synthesis of Compound c 

[0255] In a 200 ml three-necked flask equipped with a condenser, 4 g (1 5 mmole) of Intermediate Compound B, 1 ,7 
25 g (6 mmole) of 1 ,4-dibromonaphthalene, 0.16 g (3% by mole) of tris(diben2ylideneacetone)dipalladium, 0.22 g (6% by 
mole) of (S)-BINAP, 1 ,4 g (1 5 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed under an argon stream. 
The resulting mixture was stirred overnight under heating at 100<>C. After the reaction was completed, precipitated crys- 
tals were separated by filtration, washed with methanol and dried by heating at eo^C for one niglit. The obtained crude 
crystals were purified in accordance with the column chromatography (silica gel, hexane/toluene=8/2) and 2.0 g of yel- 
30 low powder was obtained. The obtained powder was identified to be Compound c by the measurements in accordance 
with NMR, IR and FD-MS (the yield: 50%, in "^Hnmr (90 Hz): 5 7.0-^7.4 ppm {68H, m)). 
[0256] The chemical reaction to obtain Compound c is shown in the following: 



B 



Pd,(dba), BtNAP 
NaOlBu PhMa 




Compound c 



Synthesis Example 27 (Compound d) 
50 Synthesis of Compound d 



[0257] In a 200 ml three-necked flask equipped with a condenser, 4 g (15 mmole) of Intermediate Compound B, 2 : 
g (6 mmole) of 9,10-dibromoanthracene, 0.16 g (3% by mole) of tris(dibenzylideneacetone)-dipalladium, 0.07 g (6% by 
mole) of tri-t-butylphosphine, 1.4 g (15 mmole) of sodium t-butoxide and 50 ml of dry toluene were placed under an . • r ' 
55 argon stream. The resulting mixture was stirred overnight under beating at 100°C. After the reaction was completed, 
precipitated crystals were separated by filtration, washed with methanol and dried by heating at 60°C for one night. The 
obtained crude crystals were purified in accordance with the column chromatography (silica gel, hexane/toluene=8/2) 
and 1.9 g of yellow powder was obtained. The obtained powder was identified to be Compound d by the measurements 
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in accordance with NMR, IR and FD-MS (the yield: 44%. in ^H^^^ (90 Hz): 5 7.0^7.4 ppnn (40H. m)). 
[0258] The chemical reaction to obtain Compound d is shown in the following: 



10 3 Pdi(dha). P{tBu), 



IS 



20 



25 



30 



40 





NaOtBu PhM* 



CompouDid d 



Synthesis Example 28 (Compound e) 
Synthesis of Intermediate Compound E 

[0259] In a 300 ml three-necked flask, 10.4 g (50 mmole) of trans-4-stilbenealdehyde, 15.4 g (50 mmole) of Inter^ 
mediate Compound C and 100 ml of dimethylsulfoxide were placed under an argon stream. To this was added 6.7 g (60 
mmole) of potassium t-butoxide In small portions and the resulting mixture was stin-ed overnight at the room tempera- 
ture After the reaction was completed, the reaction liquid was poured into 200.ml of water and extracted with ethyl ace- 
tate The extract was dried with magnesium sulfate and.concentrated in vacuo using a rotary evaporator. The obtained 
crystals were washed with 100 ml of methanol and 12.5 g (the yield: 69%) of Intermediate Compound F was pbteined. 

Synthesis of Compound e 

[0260] In a 200 ml three-necked flask equipped with a condenser, .5.4 g (15 mmdeYof Intermediate Compound F. 
2 q (6 mmole) of N,N'-diphenylbenzidine, 0. 1 6 g (3% by mole) of tris(dlbenzylideneacetone)-dipalladium. 0.1 1 g (6 /o by 
mole) of tri-o-toluylphosphine, 1 .4 g (15 mmole) of sodium t-butoxide and 50 ml of dry tqluene were placed under an 
argon stream. The resulting mixture was stirred overnight under heating at 100°C. After the reaction was completed. 
■ precipitated crystals were separated by filtration, washed with methanol and dried by heating at 6q»C for one night. The 
' obtained crude crystals were purified in accordance with the column chromatography (silica gel, hexane/toluene=6/4) 
and 1 0 g of yellow powder was obtained. The obtained powder was identified to be Compound e by the measMremente 
in accordance with NMR, IR and FD-MS (the yield: 19%. in ^Hnmr (90 Hz): 8 7.0-7.5 ppm (S2H. m)). The NMR chart 
of Compound e is shown in Figure 3. fc^i::. ■ ■ ;■„ 

[0261] The chemical reactions to obtain Compound e are shown in the following: . .. n^- s Rt r ; . 
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PCXOEOi _ 

tBuOK ^A-/^"" Pd,(db»),8INAP 

p N»OtBu PhM« 




Compound e 



Synthesis of Compound f .; . • ^ 

[0262] In a 200 ml three-necked flask equipped with a condenser. 7.8 g (30 mmole) of Intermediate Compound A, 
1 .7 g (6 mmole) of 4,4'-diaminostiIbene carbon dioxide, 0.16 g (3% by mole) of tris(dibenzylideneacetone)dipalladium, 
0.22 g (6% by mole) of (S)-BINAP, 9.6 g (0.1 mole) of sodium t-butoxide and 60 ml of dry toluene were placed under an 
argon stream. The resulting mixture was stin-ed overnight under heating at 100*»C. After the reaction was completed, 
precipitated crystals were separated by filtration, washed with methanol and dried by heating at 60*C for one night. The 
obtained crude crystals were purified in accordance with the column chromatography (silica gel, hexane/toluene=6/4) 
and 2.0 g of yellow powder was obtained. The obtained powder was identified to be Compound f by the measurements 
in accordance with NMR, IR and FD-MS (the yield: 36%, in '^Hnmr (90 Hz): 6 7.0-^7.5 ppm (54H, m)). 
[0263] The chemical reaction to obtain Compound f is shown in the following: 



Pd«(db«),B(HAP 
NaOtBu PhMft 




Compoimd f 



Example 63 

[0264] On a cleaned glass plate having an ITO electrode, TPD74 described above was vacuum vapor deposited as 
the hole injecting material and a layer having a thickness of 60 nm was formed. 

[0265] Then, NPD described above was vacuum vapor deposited as the hole transporting material and a layer hav- 
ing a thickness of 20 nm was fonned. 

. [0266] Subsequently, as the light emitting materials, 4,4'-bis(2,2-diphenylvinyl)biphenyl (DPN/Bi) which is a stilbene 
derivative and Compound a described above were simultaneously vapor deposited and a layer having a content of 
Compound a of 2% by weight and a thickness of 40 nm was formed. Compound a works as a fluorescent dopant or the 

, light emitting center. On the layer formed above, Alq described above was vapor deposited as the electron injecting 
material and a layer having a thickness of 20 nm was formed. After lithium fluoride was vapor deposited and a layer hav- 
ing a thickness of 0.5 nm was formed, aluminum was vapor deposited and a layer having a thickness of 100 nm was 
formed. Thus, an electrode was formed and an organic EL device was obtained. The layers were vapor deposited in a 



95 



EP1 061 112A1 



vacuum of lO-^ Torr while the substrate was kept at the room temperature. The device exh.b. ed a ^ 
: liQht of 100 {cd/m2) and an efficiency of light emission of 2.1 (Im/W) under application of a direct current voltage of 6 V. 
■ '^he colo? coornatrwr(0.146.^ and blue light of a high purity could be emWed. When the o^anic EL dev.ee 

was Sen S a cotstrnt electric cun-ent at an initial luminance of emitted light of 200 (cd/m^). the hatf irfe time was as 
5 long as 2 000 hours. The properties of light emission are shownin Table 5. 
- ;[02671 The energy gap of Compound a was 2.78 eV and the energy gap of DPVBI was 3.0 eV. 

Example 64 

ro r02681 An organic EL device was prepared In accordance with the same procedures as those conducted in Exam- 
S 63 except thrcompound b was used as the dopant or the light emitting center. The device exhibited a luminance 
S em«Td ngh of 1 iSTcd/m^) and an efficiency of light emission of 1 .3 (ImM) under application of a direct cun-ent vott- 
- • airors V fhe color coordinate was (0.152. 0.163) and blue light of a high purity could be emitted. When the oiganic 
. ELd^fce was driven by a constant electric current at an initial luminance of emitted light of 200 (cd/m^). the half Irfe 
time was as long as 1,500 hours. The properties of light emission are shown in Table 5. ^ 
. [0269] The energy gap of Compound b was 2.90 eV and the energy gap of DPVBi was 3.0 eV. 

Example 65 

ro2701 ■ An orqanlc EL device was prepared in accordance with the same procedures as those conducted in Exam- 
S 63 excepIthS Compound c was used as the dopant or the light emitting center. The device exhibited a luminance 
S eStted Sh o7l30 (cd/m2) and an efficiency of light emission of 2.1 (ImW) under application of a direct current volt- 
irofe V ?he^oi?°coordinate was (0.162. 0.181) and blue light of a high purity could be emitted. When the organic 
EL devk^e was driven by a constant electric current at an initial luminance of emitted light of 200 (cd/m^). the half Irfe 
time was as long as 2,800 hours. The properties of light emission are shown in Table 5. 
[0271 ] The energy gap of Compound b was 2.83 eV and the energy gap of DPVBi was 3.0 eV. 

-. Example 66 

r02721 An orqanic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
Dlfas exce^ S compound d was used as the dopant orthe light emitting center. The device «chlb.ted a lummance 
0 eSttTd S erf SoSTcd/m^) and an efficiency of light emission of 4.6 (ImAA/) under application of a direct current volt- 
' Sroffv L^ht ofgreen c be emitted with a high efficiency. When the organic EL device was driven by a 

: : constlntlctrfc cu 'ent a, an inrfial luminance of emitted light of 200 (cd/m?). ttie half rrfe time was as long as 3,400 
. 35 hours. The properties of light emission are shown in Table 5. - r,n 

[0273] The energy gap of Compound d was 2.78 eV and the energy gap of DPVBi vvas 3.0 eV. 

Comparative. Example 9 . ' . 

4o: [0274] An organic eL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 63 except that the foliowririg compound (TPD): 



15 



20 



25 



30 



■ the organic EL device was driven by a constant electric cun-ent at an initial lunnmance of ennrtted light of 200 (cd/m ). 
55 the half life time was as short as 1 00 hours. The properties of light emission are shown in Table 5.. 
[0275] The energy gap of TPD was 3.10 eV and the energy gap of DPVBi was 3.0 eV. 
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Comparative Example 1 0 

[0276] An organic EL device was prepared in accordance with the same procedures as those conducted in Exam- 
ple 63 except that Compound a described above was used as the dopant or the light emitting material and the com- 
pound Alq was used as the light emitting material. The device exhibited a luminance of emitted light of 21 0 (cd/m^) and 
an efficiency of light emission of 1.3 (InrT/W) under application of a direct current voltage of 6 V. However, light of pink 
color from Alq alone was obtained. When the organic EL device was driven by a constant electric current at an Initial 
luminance of emitted light of 200 (cd/m^), the half life time was as short as 200 hours. The properties of light emission 
are shown in Table 5. Compound a did not work as the light emitting center. 
[0277] The energy gap of Compound a was 2.95 eV and the energy gap of Alq was 2.7 eV. 

Comparative Example 1 1 

[0278] An orgariic EL device was prepared in accordance with the same procedures as those conducted In Exam- 
ple 63 except that no dopant or light emitting material was used and Compound c described above was used as the 
single light emitting material. The device exhibited luminance of emitted light of 40 (cd/m^) and an efficiency of light 
emission of 0.9 (Im/W) under application of a direct current voltage of 6 V. Sufficient properties could not be obtained. 
When the organic EL device was driven by a constant electric current at an initial luminance of emitted light of 200 
(cd/m^), the half life time was as short as 1 80 hours. The properties of light emission are shown In Table 5. 
[0279] The properties of light emission obtained above are shown in Table 5. 



Table 4 
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Dopant or . 
light emit- 
ting center 


Light emit- 
ting material 


Applied 
voltage (V) 


Luminance of 
emitted light 
(cd/m2) 


Efficiency of 
light emis- 
sion (Im/W) 


Color of 
emitted light 


Half lifetime 
(hour) 
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63 


Compound 


a DPVBi 


6 


100 


2.1 


blue 


2000 


30 


64 


Compound 


b DPVBI 


6 


110 


1.3 


blue 


1500 




65 


Compound 


cDPVBl 


6 


130 


2.1 


blue 


2800 




66 


Compound 


d DPVBi 


6 


300 


4.6 


green 


3400 


35 


Compara- 
tive Exam- 

,f r. ; pie 


















9 


TPD 


DPVBi 


5 


60 


0.7 


blue 


100 


40 


' 10 


Compound 


a Alq 


6 


210 


1.3 


green 


200 




11 


none 


Compound 


. c6 


40 


0.9 


blue 


180 



[0280] As shown in Table 5, the organic EL devices of Examples 63 to 66 in which a small amount (1 to 20% by 
45 weight) of a compound represented by general fonnula [1] was added to the host material as the dopant or the light 
' emitting center exhibited higher efficiencies of light emission and much longer lives in comparison with the organic EL 
devices of Comparative Examples 9 to 11 . 
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INDUSTRIAL APPLICABILITY 



[0281] • The organic EL devices of the present invention in which the niaterials for organic EL devices represented 
by general formulae [1], [3] to [6] and [9] to [10] described above are used as the light emitting material, the hole inject- 
ing material, the hole transporting material or the doping material exhibit luminances of light emission sufficient for prac- 
tical use and high efficiencies of light emission'uhder application of a low voltage, have long lives because the decrease 
in the properties after use for a long time is suppressed and show no' deterioration in the properties in the environment 
of high.temperatures due to excellent heat resistance., 

[0282] The organic EL devices described above in which the materials for organic EL devices represented by gen- 
eral formulae [7] and [8] are used as the light emitting material, the hole injecting material, the hole transporting material 
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or the doDina material exhibit/in the region of yellow color and orange to red color, luminances of light emission suffi- 
^Ln' fo%',^SiiTu^^^^^^^^^^^ efficient of light emfesion under application of a low voltage and have long Irfe t.mes 
because the decrease m the properties after use for a long time is suppressed. ^ ,h 

r02831 The organic EL devices in which the material for organic EL devices comprising the compound represented 
byTr^era^^S^n oi the present invention or the novel compound represented by gene^l fomiula [11] of the 
pJ^:ntilntriUledasthe'dopan^ 

tical use under application of a low voltage and high efficiencies of light em.ss.on and have long lives because the 

"tT^;^^^^^^ rcTsTilrdance wHh the process of the present invention. 

S^lls for' Sc EL deS^^^^ a high effidency of light emission, having a long Irfe, showing high activity 
and containing little impurities can be produced 



Clialms. ^ 
15 1. A material for organic 

■. General formula [1] 



ic electroluminescence devices represented by following general formula [1]: 



20 



25 



N-A-N 



30 



Wherein A represents a substituted or unsubstituted axylene group having 22 to 60 carbon atoms, to 
racTinde^^^^^^^^^ a substrtuted or unsubsfrtuted arylene group having 6 to 30 carbon atoms, X^ 

X^ma'y be^^^^^^^^ each other, x3 and X^ may be bonded to each other, to V^. -oh .nf p^^^^^^^^^ 
represent an organic group represented by general formula [2], a to d each represent an integer of 0 to 2 and. 
when the arylene group represented by A has 26 or less carbon atoms, 



35 



a+b+c+d>0 



40 



45 



and the arylene group does not contain two or more anthracene nuclei; general formula [2] being: 
..; General formula [2] ** ' • ■ ; ■ *' 



C23 




so 



SB 



Wherein to Ft^ each independently represent hydrogen atom, a substituted or unsubstituted alkyi group hav- 
- Tn^lTao carbon aLs, a substituted or unsubstituted aryl group h 
or forrS a tSpirbond by a linkage of and or r3 and 

group having 6 to 20 carbon atoms and n represents 0 or 1. .-y ; ; c ie - 

2. A material for organic electroluminescence devices represented by following general formula [sj 



General formula [3] 



K rove' j'.r^oc'jiv 
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N - B - N 
c b 



C3) 



10 



15 



wherein B represents a substituted or unsubstltuted arylene group having 6 to 60 carbon atoms, to each 
independently represent a substituted or unsubstltuted arylene group having 6 to 30 carbon atoms, and X^ 
may be bonded to each other. X^ and X"* may be bonded to each other, Y'' to Y"* each independently represent 
an organic group represented by general formula [2], a to d each represent an. integer of 0 to 2 and at least one 
of groups represented by B, X\ X^, X^ and X"* has a chrysene nucleus; general formula [2] being: 
General formula [2] 



20 




I 

c ~z 



C2] 



25 



30 



35 



.40 



45 



wherein to R"* each independently represent hydrogen atom, a substituted or unsubstituted alkyi group hav- 
ing 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, cyan o group 
or form a triple bond by a linkage of R^ and R^ or R^ and R^ 2 represents a substituted or unsubstituted aryl 
group having 6 to 20 carbon atoms and n represents 0 or 1 . ; " ' ~ 

3. A material for organic electroluminescence devices according to Claim 2, wherein general formula [3] means fol- 
* lowing general fomiula [4]: rv/ 

. .. General formula [4] . • ' : " ' ■ j.^...^ '. 



d \ 



(y»-)-x 




wherein X^ to X^ Y^ to Y"* and a to d are the same as those In fomiula [3]. ;.^4s 



. 4. A material for organic electroluminescence devices according to Claim 2, wherein general fornriula [3] rneans fol- 
50 lowing. general formula [5]: *■..•.. 

General formula [5] .a* -7rrc;. v ' * 1. . ' • . . vVto^ r^; diasc:',- 

--are- ' ■ v - - ;"^rria;.Q-thedcpin 

55 - . . ■ " • r - :' ' ; : V ■ .'^ ■ -iT^^s^'ipprasse 

• ' . ^ ' "7 S*^g>t emitter; 
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N-B-N 




C 5) 



15 



20 



Wherein B, X\ X2. Y\ a and b are the same as those in formula [3], 

5. A material for organic electroluminescence devices according to Claim 2, wherein general formula [3] means fol- 
lowing general formula [6]: 

General formula [6] 



25 



30 




N-B-N 




C6X 



35 



40 



Wherein B, X\ X^, Y\ Y^, a and b are the same as those in general fomiula [3]. 
6. A material for organic electroluminescence devices represented by following general fomiula [7]: 
General formula [7] . - 



45 



SO i iC- 



N-D-N 



C7} 



w^^rein D represents a divalent group having a tetracene nucleus or a pentacene nucleus X to '"^ 
Dendentlv represent a substituted or unsubstituted arylene group containing 6 to 30 cait>on atoms. X and X 
SS^Snded to eabh other, x3 and X^ may be bonded to each other, to ^^^^^/f 
an cyanic group represented by general formula [2] and a to d each represent an integer of 0 to 2. general 



'^^V'r^ " '1 General formula [2] 
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c-c — z 



C2] 



wherein to each independently represent hydrogen atom, a substituted or unsubstituted alkyi group hav- 
ing 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, cyano group 
or form a triple bond by a linkage of and R^ or R^ and R^. Z represents a substituted or unsubstituted aryl 
group having 6 to 20 carbon atoms and n represents 0 or 1 . 

A material for organic electroluminescence devices according to Claim 6, wherein general fomriula [7] means fol- 
lowing general fomnula [8]: 

General fomnula [8] 



R.r 



R 




wherein to X^ to Y"^ and a to d are each independently the same as those in general formula [7], R to 
■ each independently represent hydrogen atom, a substituted or unsubstituted alkyI group having 1 to 20 

' carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon atoms, a substituted or 
unsubstituted ary! group having 6 to 20 carbon atoms or cyano group and adjacent groups among the groups 
■ represented by R^^ to R®° may be bonded to each other to form a saturated or unsaturated and substituted or 
unsubstituted carbon ring. 

A material for organic el ectroluminescene devices represented by following general fonnula [9]: 
' General forrnula [9] 



X »-(- Y ' ) 



N-E-N 



C9] 



wherein E represents a divalent group comprising an anthracene nucleus which is substituted with aryl groups 
or unsubstituted. to each independently represent a substituted or unsubstituted arylene group having 6 
to 20 catboh "atoms, and X^ may be bonded to each other, X^ and X^ may be bonded to each other, Y to 
V* each independently represent an organic group represented by general fonnula [2], a to d each represent 
an integer of 0 to 2 and, when the group represented by E is an unsubstituted group: 
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at least two of to X® contain a substituted or unsubstituted group: 




or 




25 



general fornnula [2] being: 
General formula [2] s , 



30 



35 



40 



45 
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C23 



wherein to each independently represent hydrogen atom, a substttuted or unsubstituted allcyl group hav- 
TaT to 20 ca*on atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, c^^no group 
or form ftriple bond by a linkage of and or R^ and R^ Z represents a substituted or unsubstrtuted aryl 
group having 6 to 20 carbon atoms and. n represents 0 or 1. - 

9. A material for organic electroluminescence devices represented by following general 



General formula [10] 



/ 



e 1 Q ) 



wherein Ar^ and Ar^ each independently represents a divalent group selected from a group consisting of sub- 
S te^and unsubstituted. phenylene groups, substituted and unsubs^^^^^^^ 

tuted and unsubstituted 1.8-naphthalene groups, substituted and unsubstrtuted fluorene groups and 
substituted and unsubstituted biphehyl groups. A.^ represents a divalent group selected from a group cons.s - 
fng of substituted and unsubstituted anthracene nuclei, substituted and unsubstituted pyrene ^^^st^ 
tuted and unsubstituted phenanthrene nuclei, substituted and unsubstituted ohrysene nuclei, substituted and 
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unsubstituted pentacene nuclei, substituted and unsubstituted naphthacene nuclei and substituted and unsub- 
stituted fluorene nuclei, to X® each independently represent a substituted or unsubstituted arylene group 
having 6 to 20 carbon atoms, and X® nnay be bonded to each other, X^ and X® may be bonded to each other, 
Y"" to Y"* each independently represent an organic group represented by general formula [2], a to d each rep- 
resent an integer of 6 to 2, . 

a+b+c+d^2. 



10 



e represents 0 or 1 , f represents 1 or 2 and, when Ai^ represents an anthracene nucleus, a case in which 



15 



a=b=c=d 

and Ar^ and Ar^ both represent p-phenylene group is excluded; general formula [2] being: 
General formula [2] 



20 



.25 



30 



35 




(2) 



wherein to R"* each independently represent hydrogen atom, a substituted or unsubstituted alkyl group hav- 
ing 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, cyano group 
or form a triple bond by a linkage of R"" and R^ or R^ and R^ Z represents a substituted or unsubstituted aryl 
group having 6 to 20 carbon atoms and n represents 6 or 1 ., . 

1 0. A material for organic electroluminescence devices represented by following general formula [11]: 
General fomnula [11] 



40 



45 



50 



^N-F-N 

(y »4-x» 

■ , ■ ■- c . 



X'-(-Y') 



C 1 ID 



wherein F represents a substrtuted or unsubstituted aryjene group having 6 to 21 carbon atoms, X'' to X"* each 
independently represent a substituted or unsubstituted arylene group having 6 to 30 cartoon atoms, X^ and X^ 
may be bonded to each other, X^ and X"^ may be bonded to each other, Y^ to Y^ each independently represent 
an organic group represented by general formula [2], a to d each represent an integer of 0 to 2, and \^ ^ , 



55 



a+b+c+d>0; 



general formula [2] being: 
General formula [2] 



-yizz ' of C ■ : a*. :• ■ .rf-^- ' r>e f_:: 



103 



EP 1 061 112 A1 



R* \ R' R' 
I 1)11 
:C=C — /— C = C — Z 
n 



wherein to B"* each independently represent hydrogen atom, a substituted or unsubstituted alkyi group hav- 
ing 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, cyano group 
or form a triple bond by a linkage of and R^ or R^ and R^. 2 represents a substituted or unsubstituted aryl 
group having 6 to 20 carbon atoms and n represents 0 or 1. : ji -: . . ^ 

A r^aterial for organic electroluminescence devices according to Claim 10. wherein the group represented by F in 
general formula [11] is a group represented by following general fomnula [12], geheral formula [13] or general for- 
mula[14]: 

General fomnula [12] 




CI 2J 



General formula [13] 




wherein R^' to R^^' each independently represent hydrogen atom, a substituted or unsubstituted alky I group 
having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms or cyano 
. . ' group and adjacent groups among the groups represented by R^' to R^^' my be bonded to each other to form 
' . a saturated or unsaturated carbon ring; 

... • ' • . . . -i -V - ^r''-^rc Ar' -^.f---'' 

General fonmula [14] 
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CI 43 



wherein R^^' to R^' each independently represent hydrogen atonn, a substituted or unsubst'rtuted alkyi, group 
having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms or cyano 
group and adjacent groups among the groups represented by R^' to R^"*' my be bonded to each other to form 
a saturated or unsaturated carbon ring. 

12. A material for organic electroluminescence devices according to any of Claims 1 to 11, which is a light emitting 
material for organic electroluminescence devices. 

13. An organic electroluminescence device which comprises a light emitting layer or a plurality of thin films of organic 
compounds comprising a light emitting layer disposed between a pair of electrodes, wherein at least one of the thin 
films of organic compounds is a layer comprising a material for organic luminescence devices described in any of 
Claims 1 to 11. 

14. An organic electroluminescence device which comprises a light emitting layer or a plurality of thin films of organic 
compounds comprising a light emitting layer disposed between a pair of electrodes, wherein a layer comprising a 
material for organic electroluminescence devices described In any of Claims 1 to 11 as at least one material 
selected from a group consisting of a hole injecting material, a hole transporting material and a doping material is 
disposed between the pair of electrodes. 

15- An organic electroluminescence device which comprises a light emitting layer or a plurality of thin films of organic 
compounds comprising a light emitting layer disposed between a pair of electrodes, wherein the light emitting layer ^ 
comprises 0.1 to 20% by weight of a material for organic luminescence devices described in any of Claims 1 to 1 1 . 

16. An organic electroluminescence device which comprises a light emitting layer or a plurality of thin films of organic 
compounds comprising a light emitting layer disposed between a pair of electrodes, wherein one or more materials 
selected from a group consisting of a hole injecting material, a hole transporting material and a doping material 

. each independently comprise 0.1 to 20% by weight of a material for organic electroluminescence devices 
described in any of Claims 1 to 11. ' 

17. An organic electroluminescence device which comprises a light emitting layer or a plurality of thin films of organic 
compounds comprising a light emitting layer disposed between a pair of electrodes, wherein the light emitting layer 
is a layer comprising a stilbene derivative and a material for organic electroluminescence devices described in any 
of Claims 1 to 11. 

18. An organic electroluminescence device according to any of Claims 11 to 17, wherein a layer comprising an aro- 
matic tertiary amine derivative and/or a phthalocyanine derivative is disposed between a light emitting layer and an 

. anode. - 

19. An organic electroluminescence device according to any of Claims 10 and 11, wherein an energy gap of the mate- 
rial for organic electroluminescence devices represented by general formula [1 1] is smaller than an energy gap of 
a liost material by 0.07 eV or greater. 

20. A novel compound represented by following general formula [I V]: 
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General formula [11'] 

N-F-N [ 1 1 • 3 

Wherein F represents a group represented by general formula [14], to each Independently represent a 
substituted or unsubstituted arylene group having 6 to 30 carbon atoms. X^ and X^ may be bonded to each 
othfer, X^ and X'* may be bonded to each other, to each independently represent an organic group rep- 
resented by general formula [2], a to d each represent an integer of 0 to 2, and 

a+b+c+dX^ 



general formuja [14] being: 
General formula [14] 



CI 43 



wherein R^^' to R^' each independently represent hydrogen atonn, a substituted or unsubstituted alkyi group 
having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group haying 6 to 20 carbon atoms or cyano 
group and adjacent groups among the groups represented by R^' to R^^' my be bonded to each other to form 
a saturated or unsaturated carbon ring; and 



general formula [2] being: 
General formula [2] 




e2 5 



wherein R^ to each independently represent hydrogen atom, a substituted or unsubstituted alkyI group hav- 
. ing 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, cyano group 
' . or form a triple bond by a li nkage of R^ and R^ or R^ and R^ Z represents a substituted or unsubstituted aryl 

^ ^ gro^ 

21/ A procesi fbr prcKiucm^ material for organic electroluminescence devices which comprises reacting, in a pres- 
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ence of a catalyst comprising a phosphine compound and a palladium compound and a base, a primary amine or 
a secondary amine represented by following general formula [15]: 



R(NR'H)k 



[15] 



wherein k represents an integer of 1 to 3; when k represents 1 , R and R' represent hydrogen atom, an alkyI group 
or a substituted or unsubstituted aryl group; and when k represents 2 or 3, R represents an alkylene group or sub- 
stituted or unsubstituted arylene group and R' represents hydrogen atom, an alkyI group or a, substituted or unsub- 
stituted aryl group, with an aryl halide represented by following general formula [16]: 



Ar(X)n 



[16] 



wherein Ar represents a substituted or unsubstituted aryl group, X represents F, CI, Br or I and m represents an 
integer of 1 to 3, and producing a material for organic electroluminescence devices comprising an arylamine com- 
pound. 

22. A process for producing a material for organic electroluminescence devices according to Claim 21, wherein the 
arylamine compound is a compound represented by following general formula [1 7]: 

. General formula [17] 



N-F -N 

(y»-)-x»'^ \x'-(-.y» ) 

c * 



C 1 7] 



Wherein F represents a substituted or unsubstituted arylene group having 6 to 60 carbon atoms, X'^ to X"* each 
independently represent a substituted or unsubstituted arylene group having 6 to 30 carbon atoms, X*" and X^ 
may be bonded to each other, X^ and X"^ may be bonded to each other, Y^. to Y"* each independently represent 
an organic group represented by general fomnula [2], a to d each represent an integer of 0 to 2, and 



; general formula [2] being: 
General formula [2] 



a+b+c+d>0; 




C = C — Z 



C2] 



wherein rT to R'^ eachlndependently represent hydrogen atom, a substituted or unsubstituted alkyI group hav- 
' g 1 to 20 cariDori'^atom^^^ unsubstituted aryl group having 6 to 20 carbon atoms, cyano group 

'form'a trip^ R^ or R^ and R^ Z represents a substituted or unsubstituted aryl 



mi 
or 



groLifD having 6 to 20 ca rbon atoms and n represente 0 or 1 . 

23. A process fo^^^uc^fiS^^^ electroluminescence device according to Claim 21, wherein the 

phospbine compound iratrialkylpho's^ compound, a triarylphosphine compound or a diphosphine compound. 
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Claim 8 pertains to a material for organic EL elements which is represented by 
the general formula (9). 
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■claim 9 pertains to a material for organic EL elements which is represented 
bv the general formula (10). • u ^ « 

Claims 10 11, and 19 pertain to a material for organic EL elements whxch xs 

rcr^^lfJ^^^^ L\^ria\^f or organic EL elements as set forth in 

'%aTm if pertaJ^s to^^a^^^^^^ EL element containing the material for organic 

C.T ai i^.««>«^t-cs a«s set forth in any one of claims 1 to 11 . 

Clarr!fpertains CO an organic II element having a layer comprising ///^"f ^ 
material the material for organic EL elements as eet forth in any one of claxms 

Claims 15 and 16 percain to an organic EL element containing a specific amount 
of th "material for organic EL elements as set forth xn any one of claxms 1 

''°rl^Vms 17 and 18 pertain to an organic EL element containing Che material for 
organiTEL erement'L as set forth in any one of claims 1 to XI xn combxnatxon 
with a specific material. n\ ^ \ 

consequently, claims 12 to 18 belong to the groups of inventxons ® to ®.l 
Claim 20 pertains to a compound represented by the general formula (11 . 
riatms 21 to 23 pertain to a process for producing an arylamxne compound (the 
"rri^ss f or IrodScIng material" is a clerical error for -process for producing 
compound" ) . 

There is no novel skeleton common to the formulae (1) , (3) . (J) . (9) • f"^ 
TCh^ rfiaminearvl is known as an organic EL material (see, e.g., JP, 9-268284, 
I'r'^JP "^215984, A, JP. 10-251633! A; and JP, 10-88120. A)). There xs hence 
no special technical feature common to these groups. -„^„w ....^ aiven 

The formula (14) corresponding to the group F xn the formula (11 ) gxven 

21 to 23, the groups ® and d) have a common technical feature. 

Therefore there is no technical feature common to the seven groups of 
inventxons, i.e., ®, ®. ®, ®, ®- ®. and ® and ®. 
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